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Introducing  premeasured,  premixed  DuoNeb. 

It's  the  first  and  only  one-step  dual-therapy  nebulizer  solution 
for  COPD,  with  improved  efficacy  over  albuterol  or  Ipratropium 
alone — and  no  increased  safety  risk.' 

DuoNeb  is  indicated  for  the  treatment  of  bronchospasm 
associated  with  COPD  in  patients  requiring  more  than  one 
bronchodilaton  In  a  12-week  clinical  study,  the  most  common 
adverse  reactions  reported  with  DuoNeb  Inhalation  Solution 
were  chest  pain,  pharyngitis,  diarrhea,  bronchitis,  nausea  and 
leg  cramps. 

DuoNeb  can  have  a  significant  cardiovascular  effect, 
significant  hypokalemia  and  the  potential  life-threatening 
paradoxical  bronchospasm.  Caution  is  advised  in  patients  with 
convulsive  disorders,  hyperthyroidism,  diabetes  mellitus,  narrow-angle 
glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction. 
Co-administration  of  DuoNeb  Inhalation  Solution  and  other 
sympathomimetic  agents  may  increase  the  risk  of  adverse 
cardiovascular  effects. 

Please  see  following  page  for  prescribing  information. 
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__^_____  Nebulize  I  Ql 

The  first  and  only  one-step  dual-therapy 
nebulizer  solution  for  COPD. 

Vial  Contains:  0.5  mg  ipratropium  bronnide 

3.0  mg  albuterol  sulfate 

(equivalent  to  2.5  mg  albuterol  base) 

^2V        I -800-755-5560 
f  >      www.deyinc.com 
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DuoNeb^"^ 

(Ipratropium  Bromide  0.5  mg/Albuterol  Sulfate  3.0  mg*) 

Inhalation  Solution 

'Equivalent  to  2.5  mg  albuterol  base 

BRIEF  SUMMARY  OF  PRESCRIBING  INFORMATION 
INDICATIONS  AND  USAGE 

Duofj'^!:'  :n  '  ^1  ji*'J  tor  ihe  treatment  ot  t)roncriospasm  associated  with  COPD  in  patients  requiring  more  than 
one  bronchodilalor 

CONTRAINDICATIONS 

OuoNet)  IS  contraindicated  in  patients  with  a  history  ot  hypersensitivity  to  any  of  its  components,  or  to  atropine 
and  Its  denvatives 
WARNINGS 

Paradoxical  Bronchospasm:  In  the  clinical  study  of  DuoNeb,  paradoxical  bronchospasm  was  not  observed 
However,  paradoxical  bronchospasm  has  been  observed  with  both  inhaled  ipratropium  bromide  and  albuterol 
producls  and  can  be  life-threatening  If  this  occurs,  DuoNeb  should  be  discontinued  immediately  and  alternative 
therapy  instituted 

Do  Not  Exceed  Recommended  Dose:  Fatalities  have  been  reported  in  association  with  excessive  use  of  inhaled 
products  containing  sympathomimetic  amines  and  with  the  home  use  of  nebulizers. 
Cardiovascular  Eflecl:  DuoNeb,  like  other  beta  adrenergic  agonists,  can  produce  a  clinically  significant  cardio- 
vascular effect  in  some  patients  as  measured  by  pulse  rate,  blood  pressure,  and/or  symptoms  Although  such 
effects  are  uncommon  for  DuoNeb  at  recommended  doses,  if  they  occur,  the  drug  may  need  to  be  discontin- 
ued. In  addition,  beta  agonists  have  been  reported  to  produce  EGG  changes,  such  as  flattening  of  the  T-wave, 
prolongation  of  the  QTc  interval,  and  ST  segment  depression  The  clinical  significance  o1  these  findings  is 
unknown  Therefore,  DuoNeb,  Itke  other  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension. 
Immediate  Hypersensitivity  Reactions:  Immediate  hypersensitivity  reactions  to  albuterol  and/or  ipratropium 
bromide  may  occur  after  the  administration  of  DuoNeb  as  demonstrated  by  rare  cases  of  urticaria,  angioedema, 
rash,  pruritus,  oropharyngeal  edema,  bronchospasm,  and  anaphylaxis 
PRECAUTIONS 
General 

1  Effects  Seen  with  Sympathomimetic  Druos:  As  with  all  products  containing  sympathomimetic  amines, 
DuoNeb  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency, 
cardiac  arrhythmias,  and  hypertension;  in  patients  with  convulsive  disorders,  hyperthyroidism,  or  diabetes  mel- 
litus,  and  in  patients  who  are  unusually  responsive  to  sympathomimetic  amines.  Large  doses  of  intravenous 
albuterol  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacidosis  Additionally,  p-agonists 
may  cause  a  decrease  in  serum  potassium  in  some  patients,  possibly  through  intracellular  shunting.  The 
decrease  is  usually  transient,  not  requiring  supplementation. 

2.  Effects  Seen  with  Anticholinergic  Drugs.  Due  to  the  presence  ot  ipratropium  bromide  in  DuoNeb,  it  should  be 
used  with  caution  in  patients  with  narrow-angle  glaucoma,  prostatic  hypertrophy,  or  bladder-neck  obstruction. 
3  Use  in  Hepatic  or  Renal  Diseases.  DuoNeb  has  not  been  studied  in  patients  with  hepatic  or  renal  insufficiency 
It  should  be  used  with  caution  in  these  patient  populations. 
Information  lor  Patients 

The  action  ot  DuoNeb  should  last  up  to  5  hours.  DuoNeb  should  not  be  used  more  frequently  than  recom- 
mended Patients  should  be  instructed  not  to  increase  the  dose  or  frequency  ot  DuoNeb  without  consulting  their 
healthcare  provider  If  symptoms  worsen,  patients  should  be  instructed  to  seek  medical  consultation. 
Patients  must  avoid  exposing  their  eyes  to  this  product  as  temporary  papillary  dilation,  blurred  vision,  eye  pain, 
or  precipitation  or  worsening  of  narrow-angle  glaucoma  may  occur,  and  therefore  proper  nebulizer  technique 
should  be  assured,  particularly  if  a  mask  is  used 

If  a  patient  becomes  pregnant  or  begins  nursing  while  on  DuoNeb,  they  should  contact  their  healthcare  provider 
about  use  of  DuoNeb 

See  the  illustrated  Patient's  Instruction  tor  Use  in  the  product  package  insert 
Drug  Interactions 

Anticholinergic  agents  Although  ipratropium  bromide  is  minimally  absorbed  into  the  systemic  circulation,  there 
is  some  potential  for  an  additive  interaction  with  concomitantly  used  anticholinergic  medications  Caution  is. 
therefore,  advised  in  the  cc-administration  of  DuoNeb  with  other  drugs  having  anticholinergic  properties. 
p-adreneroic  aoenis.  Caution  is  advised  in  the  co-administration  of  DuoNeb  and  other  sympathomimetic  agents 
due  to  the  increased  nsk  of  adverse  cardiovascular  effects. 

p-receotor  blocking  agents.  These  agents  and  albuterol  sulfate  inhibit  the  effect  of  each  other  p-receptor  block- 
ing agents  should  be  used  with  caution  in  patients  with  hyperreactive  airways,  and  if  used,  relatively  selective 
01  selective  agents  are  recommended. 

Diuretics:  The  electrocardiogram  (ECG)  changes  and/or  hypokalemia  that  may  result  from  the  administration  of 
non-potassium  sparing  diuretics  ^such  as  loop  or  thiazide  diuretics)  can  be  acutely  worsened  by  p-agonists, 
especially  when  the  recommended  dose  of  the  p-agonist  is  exceeded.  Although  the  clinical  significance  of  these 
effects  iS  not  known,  caution  is  advised  in  the  co-admimstration  of  p-agonist-containing  drugs,  such  as  DuoNeb, 
with  non-potassium  spanng  diuretics 

lyionoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  DuoNeb  should  be  administered  with  extreme  cau- 
tion to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  or  within  2  weeks 
of  discontinuation  of  such  agents  because  the  action  of  albuterol  sulfate  on  the  cardiovascular  system  may  be 
potentiated 

Carcinogenesis,  Mutagenesis,  Impalrmenl  of  Fertility 

Albuterol  Sulfate.  In  a  2-year  study  in  Sprague-Dawley  rats,  albuterol  sulfate  caused  a  significant  dose-related 
increase  in  the  incidence  of  benign  leiomyomas  ot  the  mesovanum  at  and  above  dietary  doses  of  2  mg/kg 
(approximately  equal  to  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m^  basis)  In 
another  study,  this  effect  was  blocked  by  the  coadministration  of  propranolol,  a  non-selective  beta-adrenergic 
antagonist. 

In  an  1 8-month  study  m  CD-I  mice,  albuterol  sulfate  showed  no  evidence  of  tumorigenicity  at  dietary  doses  up 
to  SOIlmg/Kg  (approximately  140  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m*^  basis),  in  a  22-monlh  study  m  Golden  hamsters,  albuterol  sulfate  showed  no  evidence  of  tumorigenic- 
ity at  dietary  doses  uo  to  50  mg/kg  (approximately  20  times  the  rriaximum  recommended  daily  inhalation  dose 
for  adults  on  a  mg/m'  basis) 

Albuterol  sulfate  was  not  mutagenic  in  the  Ames  test  or  a  mutation  test  in  yeast.  Albuterol  sulfate  was  not  clas- 
togemc  in  a  human  penpheral  lymphocyte  assay  or  in  an  AH1  strain  mouse  micronucleous  assay. 
Reproduction  studies  m  rats  demonstrated  no  evidence  of  impaired  fertility  at  oral  doses  of  albuterol  sulfate  up  to 
50  mg/kg  (approximately  25  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m^  basis) 
Ipratropium  bromide,  in  2-year  studies  in  Sprague-Dawley  rats  and  CD-I  mice,  ipratropium  bromide  showed  no 
evidence  of  lumongemcity  at  oral  doses  up  to  6  mgAg  (approximately  1 5  times  and  fi  times  the  maximum  rec- 
ommended daily  inhalation  dose  for  adults  in  rats  and  mice  respectively,  on  a  mg/m'  basis). 
Ipratropium  bromide  was  not  mutagenic  in  the  Ames  test  and  mouse  dominant  lethal  test.  Ipratropium  bromide 
was  not  clastogenic  m  a  mouse  micronucleous  assay 

A  reproduction  study  in  rats  demonstrated  decreased  conception  and  increased  resorptions  when  ipratropium 
bromide  was  administered  orally  at  a  dose  of  90  mg/kg  (approximately  240  times  the  maximum  recommended 
daily  inhalation  dose  for  adults  on  a  mg^'m*^  basis)  These  effects  were  not  seen  with  a  dose  ql  50  mg/kg  (approx- 
imately 140  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m^  basis). 
Pregnancy 

TERATOGENIC  EFFECTS  Pregnancy  Category  C 

Albuterol  sultate.  Pregnancy  Category  C  Albuterol  sulfate  has  been  shown  to  be  teratogenic  in  mice.  A  study  in 
CD-I  mice  given  albuterol  sulfate  subculaneously  showed  cleft  palate  formation  in  5  of  111  (4^%)  fetuses  at 
0.25  mg/kg  (less  than  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m'  basis)  and  in 
10  of  108  (9.3%)  fetuses  at  2  5  mg/kg  (approximately  equal  to  the  maximum  recommended  daily  inhalation 


dose  for  adults  on  a  mg/m^  basis).  The  drug  did  not  induce  deft  palate  formation  when  administered  subcuta- 
neous)v  at  a  dose  of  0  025  mg/kg  (less  than  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m^  basis)  Cleft  palate  formation  also  occurred  in  22  ot  72  (30.5%)  fetuses  from  females  treated  subcula- 
neously with  2.5  mg/kg  isoproterenol  (positive  control). 

A  reproduction  study  m  Stride  rabbits  revealed  cranioschisis  in  7  of  19  (377o)  fetuses  when  albuterol  was  admin- 
istered orally  at  a  dose  of  50  mg/kg  (approximately  55  times  the  maximum  recommended  daily  inhalation  dose 
for  adults  on  a  mg/m*^  basis) 

A  study  in  which  pregnant  rats  were  dosed  with  radiolabeled  albuterol  sulfate  demonstrated  that  drug-related 
material  is  transferred  from  the  maternal  circulation  to  the  fetus 

During  worldwide  marketing  expenence,  various  congenital  anomalies,  including  cleft  palate  and  limb  defects, 
have  been  reported  in  the  offspring  of  patients  being  treated  with  albuterol  Some  of  the  mothers  were  taking 
multiple  medications  during  their  pregnancies  Because  no  consistent  pattern  of  defects  can  be  discerned,  a  rela- 
tionship between  albuterol  use  and  congenital  anomalies  has  not  been  established. 
Ipratropium  bromide.  Pregnancy  Category  B.  Reproduction  studies  in  CD-I  mice,  Sprague-Dawley  rats  and  New 
Zealand  rabbits  demonstrated  no  evidence  ot  teratogenicity  at  oral  doses  up  to  10, 100,  and  125  mg/kg,  respec- 
tively (Approximately  15,  270,  and  680  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m"^  basis).  Reproduction  studies  in  rats  and  rabbits  demonstrated  no  evidence  of  teratogenicity  at  infiala-j 
tion  doses  up  to  1  5  and  1  8  mg/kg,  respectively  (approximately  4  and  10  times  the  maximum  recommended 
daily  inhalation  dose  for  adults  on  a  mg/m*^  basis)  There  are  no  adequate  and  well-controlled  studies  of  the  use! 
of  DuoNeb,  albuterol  sulfate,  or  ipratropium  bromide  in  pregnant  women  DuoNeb  should  be  used  during  preg-i 
nancy  only  it  the  potential  benefit  justifies  the  potential  risk  to  the  letus. 
Labor  and  Delivery 

Oral  albuterol  sulfate  has  been  shown  to  delay  preterm  labor  in  some  reports.  Because  of  the  potential  of 
albuterol  to  interfere  with  uterine  contractility,  use  of  DuoNeb  during  labor  should  be  restricted  to  those  patients 
m  whom  the  benefits  clearly  outweigh  the  risks 
Nursing  Mothers 

It  IS  not  known  whether  the  components  of  DuoNeb  are  excreted  in  human  milk.  Although  lipid-insoluble  qua- 
ternary bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  bromide  would  reach  the  infant  to  an  impor- 
tant extent,  especially  when  taken  as  a  nebulized  solution.  Because  of  the  potential  for  tumorigenicity  shov/n  for 
albuterol  sulfate  in  some  animals,  a  decision  should  be  made  whether  to  discontinue  nursing  or  discontinue 
DuoNeb,  taking  into  account  the  importance  of  the  drug  to  the  mother. 
Pediatric  Use 

The  safety  and  effectiveness  of  DuoNeb  in  patients  below  18  years  of  age  have  not  been  established 
Geriatric  Use 

Of  the  total  number  of  subjects  in  clinical  studies  of  DuoNeb,  62  percent  were  65  and  over,  while  19  percent  were 
75  and  over  No  overall  differences  in  safety  or  effectiveness  were  observed  between  these  subjects  and  younger 
subjects,  and  other  reported  clinical  expenence  has  not  identified  differences  in  responses  between  the  elderV 
and  younger  patients,  but  greater  sensitivity  of  some  older  individuals  cannot  be  ruled  out 
ADVERSE  REACTIONS 
Adverse  reaction  information  concerning  DuoNeb  was  denved  from  the  12-week  controlled  clinical  trial 


ADVERSE  EVENTS  0CCURRINGINk1%0F21  TREATMENT  GROUP(S)  AND  WHERE  THE        || 
COMBINATION  TREATMENT  SHOWED  THE  HIGHEST  PERCENTAGE                       | 

Body  System 
COSTART  Term 

Albuterol 
n  (%) 

Ipratropium 
n  (%) 

DuoNeb     1 
n  (%)       1 

NUMBER  OF  PATIENTS 

761 

754 

765         1 

N  (%)  Patients  with  AE 

327  (43-0) 

329  (43,6) 

367(48-0)    1 

Body  as  a  Whole                                                                                               | 

Pain 

8(1.1) 

4  (0.5) 

10(1.3)      1 

Pain  ctiest 

11(1.4) 

14(1.9) 

20  (2.6)      1 

Digestive                                                                                                                           | 

Diarrhea 

5  (0.7) 

9(1.2) 

14(1,8)      1 

Dyspepsia 

7  (0.9) 

8(1.1) 

10(1.3)      1 

Nausea 

7  (0.9) 

6  (0.8) 

11  (1-4)      1 

Musculo-Skeletal                                                                                                               I 

Cramps  leg 

8(1.1) 

6  (0.8) 

11(1,4)      1 

RESPinATORY                                                                                                                                                                       1 

Bronchitis 

11  (1.4) 

13(1.7) 

13(1-7)      1 

Lung  Disease 

36  (4.7) 

34  (4.5) 

49  (6-4)      1 

Pharyngitis 

27  (3.5) 

27  (3.6) 

34  (4.4)      1 

Pneumonia 

7  (0.9) 

8(1-1) 

10(1.3)      1 

Urogenital                                                                                                                | 

Infection  urinary  tract 

3  (0.4) 

9(1.2) 

12(1,6)      1 

Additional  adverse  reactions  reported  in  more  than  1%  of  patients  treated  with  DuoNeb  included  constipation 

and  voice  alterations. 

In  the  clinical  trial,  there  was  a  0.3%  incidence  of  possible  allergic-type  reactions,  including  skin  rash,  pruritus, 
and  urticaria. 

Additional  information  derived  from  the  published  literature  on  the  use  of  albuterol  sulfate  and  ipratropium  bro- 
mide Singly  or  in  combination  includes  precipitation  or  worsening  of  narrow-angle  glaucoma,  acute  eye  pain. 
blurred  vision,  paradoxical  bronchospasm,  wheezing,  exacerbation  of  COPD  symptoms,  drowsiness,  aching, 
flushing,  upper  respiratory  tract  infection,  palpitations,  taste  perversion,  elevated  heart  rate,  sinusitis,  back  pain 
and  sore  throat. 

DOSAGE  AND  ADMINISTRATION 
The  recommended  dose  of  DuoNeb  is  one  3  mL  vial  administered  4  times  per  day  via  nebulization  wUh  up  to 
2  additional  3  mL  doses  allowed  per  day,  if  needed.  Safety  and  efficacy  of  additional  doses  or  increased  fre 
quency  of  administration  ot  DuoNeb  beyond  these  guidelines  has  not  been  studied  and  the  safety  and  efficac 
of  extra  doses  of  albuterol  sulfate  or  ipratropium  bromide  in  addition  to  the  recommended  doses  of  DuoNe 
have  not  been  studied. 

The  use  ot  DuoNeb  can  be  continued  as  medically  indicated  to  control  recumng  bouts  of  bronchospasm  It  a 
previously  effective  regimen  fails  to  provide  the  usual  relief,  medical  advice  should  be  sought  immediately,  as 
this  IS  often  a  sign  of  worsening  COPD,  which  would  require  reassessment  of  therapy 
A  Pan-LC-Plus™  nebulizer  (with  face  mask  or  mouthpiece)  connected  to  a  PRONEB"*  compressor  v/as  used  to 
deliver  DuoNeb  to  each  patient  m  one  U  S  clinical  study  the  safety  and  efficacy  of  DuoNeb  delivered  by  other 
nebulizers  and  compressors  have  not  been  established 
DuoNeb  should  be  administered  via  let  nebulizer  connected  to  an  air  compressor  with  an  adequate  air  flow, 
equipped  with  a  mouthpiece  or  suitable  face  mask 
HOW  SUPPLIED 

DuoNeb  IS  supplied  as  a  3-mL  stenle  solution  for  nebulization  in  sterile  low-density  potyethylene  unit-dose  vials. 
Cards  of  five  vials  are  placed  into  a  foil  pouch  Supplied  m  cartons  as  listed  below. 

NDC  49502-672-30  30  vials  per  carton 

NDC  49502-672-60  60  vials  per  carton 

Store  between  2°C  and  25°C  (SS^F  and  77"^  Protect  from  light. 


DEY,  Napa,  CA  94558 


03-485-21  (BRS) 


fUlay  2001  j 


1 .  Gross  N.  Tashkin  D.  Miller  R.  et  al.  Inhalation  by  nebulization  of  albuterol-ipratropium 
combination  (Dey  combination)  is  superior  to  eittier  agent  alone  in  the  treatment  of  chron- 
ic obstructive  pulmonary  disease.  Respiration.  1998;65;354-362. 


NEED  CE  CREDITS  NOW? 

.'     Click  Here,  You're  There!  ^' 


You  can  always  pick  up  Continuing 
Education  credits  by  logging  into 
CRCE  Online  at  the  AARC  web  site. 
That's  right,  anywhere,  anytime, 
access  quality  continuing  education 
at  www.aarc.org. 

/^ X 

Courses  Available: 

New  Developments  in  Respiratory  Drugs, 
Medications  and  Delivery  Devices  (i  ce  credit  Hour) 

Speakers:  Joseph  L.  Rau  PhD.  RRT,  FAARC 
Richard  D.  Branson,  RRT,  FAARC 

Introduction  to  Mechanical  Ventilation 
Waveform  Interpretation  (4  ce  credu  Hours) 

Author:  David  N.  Yonutas,  MS,  RRT 

Pediatric  Asthma  in  the  ER  (i  ce  credit  Hour) 
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Marshall  B.  Crit  Care  Med  2002  Feb;30(2):285-289. 
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Abstracts 


OBJECTIVE:  To  compare  the  effects  of  conventional  mechanical  venti- 
lation with  low-volume,  pressure-limited  ventilation  (LVPLV)  and  per- 
missive hypercapnia  on  ventilation-perfusion  (V/Q)  distributions  in 
patients  with  acute  respiratory  disU'ess  syndrome.  We  hypothesized  that 
the  advantageous  cardiopulmonary  effects  of  LVPLV  would  be  greater  in 
patients  with  sepsis  than  in  those  without  sepsis.  PATIENTS  AND 
INTERVENTIONS:  Twenty-two  patients  with  acute  respiratory  distress 
syndrome  were  studied  (group  1:12  patients  with  hyperdynamic  sepsis; 
group  2:  10  nonseptic  patients).  Intrapulmonary  shunt  (Qsp/Q,)  (percent- 
age of  cardiac  output),  perfusion  of  "low"  V/Q  areas  (percentage  of  car- 
diac output),  ventilation  of  "high"  V/Q  areas  (percentage  of  total  ventila- 
tion [Ve]).  and  deadspace  ventilation  (percentage  of  Vg)  were  calculated 
from  the  retention/excretion  data  of  six  inert  gases.  Data  were  obtained 
during  conventional  mechanical  ventilation  and  during  LVPLV.  MEA- 
SUREMENTS AND  MAIN  RESULTS:  In  group  1.  LVPLV  increased 
Paco;  from  38  ±  6  torr  (5.1  ±  0.8  kPa)  to  61  ±  12  torr  (8.1  ±  1.6  kPa). 
Qsp/6,  increased  from  28  ±  16%  to  36  ±  17%.  whereas  PaO:  (84  ±  15  torr 
[II. 1  ±2.0kPa]  vs.  86  ±21  torr  [1 1.5  ±  2.8  kPaJnnd  Q,  (10.6  ±  2.3  vs. 
1 1.5  ±  2.5  L  X  ■')  remained  unchanged  and  Pvo:  (40  ±  4  [5.3  ±  0.5  kPa] 
vs.  49  ±  6  torr  [6.5  ±  0.3])  increased.  In  group  2,  LVPLV  increased  Paco; 
from  38  ±  6  torr  (5.1  +  0.8  kPa)  to  63  ±  1 1  torr  (8.4  ±  1.5  kPa).  For  QyO, 
(24  ±  9%  to  34  ±  16%).  the  increase  was  not  significant,  whereas  Qy  (7.4 
±  1.8  vs.  10.2  ±  2.2  L  X  ' ).  Pvo;(38  ±  4  torr  [5. 1  ±  0.5  kPa]  vs.  50  ±  6  mm 
Hg  [6.7±0.8kPa]).  and  P^o:  (89  ±  16  torr  [1 1.9  ±  2.1  kPa]  vs.  98  ±  19 
torr  [13.1  ±2.5  kPa])  increased.  In  both  groups,  the  scatter  of  perfusion 
distribution  (log  SDq)  was  greater  than  expected  for  normal  subjects  but 
was  not  different  between  the  groups  or  altered  by  the  treatments.  CON- 
CLUSIONS: In  patients  with  acute  respiratory  distress  syndrome. 
LVPLV  with  permissive  hypercapnia.  tended  to  increase  Qsp/Qi.  without 
a  concomitant  decrease  of  PaO:-  This  occurs  because,  although  atelectasis 
and  increased  shunt  result  from  the  low  ventilatory  volume,  the  effects  on 
PaO:  are  offset  by  increased  Pvo:  resulting  from  the  hypercapnic  stimula- 
tion of  cardiac  output.  This  result  was  independent  of  the  presence  or 
absence  of  sepsis. 

Education,  Ethics,  and  End-of-Life  Decisions  in  the  Intensive  Care 

Unit— Stevens  L.  Cook  D.  Guyatt  G.  Griffith  L.  Walter  S,  McMullin  J. 
Crit  Care  Med  2002  Feb;30(2):290-296. 

OBJECTIVE:  To  examine  the  influence  of  education  and  clinical  experi- 
ence on  residents'  attitudes  toward  withdrawal  of  life  support.  DESIGN: 
Self-administered  survey.  SETTING:  Four  Canadian  teaching  hospitals. 
SUBJECTS:  Residents  rotating  through  four  intensive  care  units.  MEA- 
SUREMENTS AND  MAIN  RESULTS:  The  survey  examined  ethics 
education  and  experience  regarding  end-of-life  care,  importance  of  fac- 
tors influencing  withdrawal  of  life  support,  confidence  in  decisions,  and 
recommendations  for  enhancing  end-of-life  education.  The  response  rate 
was  83.9%  (52  of  62).  A  minority  of  residents  reported  an  appropriate 
amount  of  formal  teaching  on  ethical  principles  (17.3%),  patient-cen- 
tered education  (28.8%).  and  informal  discussion  (28.8%)  before  their 
intensive  care  unit  rotation.  During  their  rotation,  most  residents  cared 
for  patients  in  whom  withdrawal  of  life  support  was  considered. 
Although  they  usually  attended  family  meetings,  residents  were  never 
(34.6%)  or  rarely  (42.3%)  the  primary  discussant.  Before  the  intensive 
care  unit  rotation,  confidence  in  withdrawal  decisions  was  related  to 
male  sex  (p  =0.001)  and  previous  patient-centered  ethics  education  (p 
=0.02).  At  the  end  of  the  intensive  care  unit  rotation,  only  resident 
involvement  in  family  meetings  (p  =0.02)  and  being  the  primary  discus- 
sant at  such  meetings  (p  =0.01 )  were  associated  with  confidence.  After 
we  adjusted  for  prerotation  confidence  in  withdrawal  of  life  support 
decision-making,  the  only  predictor  of  postrotation  confidence  w  as  fam- 
ily meeting  involvement  (p  <0.001).  Residents  recommended  more 
patient-centered  discussion,  observation  of  attending  physicians  dis- 
cussing end-of-life  issues,  and  opportunity  to  lead  family  meetings. 
CONCLUSIONS:  Experiential,  case-based,  patient-centered  curricula 


are  associated  with  resident  confidence  in  withdrawal  of  life  support 
decisions  in  the  intensive  care  unit. 

Brain  Death  Assessment  Using  Instant  Spectral  Analysis  of  Heart 
Rale  \  ariability — Baillard  C.  Vivien  B.  Mansier  P.  Mangin  L.  Jasson  S, 
Rum  B.  Swynghedauw  B.  Cnt  Care  Med  2002  Feb;30(2):306-3I0. 

OBJECTIVE:  Confirmation  of  brain  death  requires  an  urgent  diagnosis  to 
allow  rapid  vital  organ  removal  for  U'ansplantation.  Evaluation  of  fore- 
brain  functions  is  commonly  performed  through  electroencephalogram. 
Nevertheless,  there  are,  for  the  moment,  no  methods  that  allow  for  an 
instantaneous  evaluation  of  brainstem  functions.  During  acute  brain 
injury,  heart  rate  variability  is  an  independent  neurologic  prognosis  indi- 
cator resulting  from  a  close  relationship  between  brain  stem  and  cardiac 
autonomic  nervous  system.  This  study  aims  to  evaluate  a  new  heart  rate 
variability  spectral  analysis  method,  on  a  beat-to-beat  basis,  continuously 
over  the  time,  during  brain  death.  DESIGN:  Prospective,  nonrandomized, 
observational  study.  SETTING:  Intensive  care  unit.  SUBJECTS:  Ten 
patients  (age  range  25-64  yrs,  mean  age  41  yrs)  with  acute  brain  injury 
leading  to  brain  death.  INTERVENTION:  No  intervention  beyond  stan- 
dard of  care  MEASUREMENTS  AND  MAIN  RESULTS:  Heart  rate, 
arterial  blood  pressure,  heart  rate  variability  in  time  and  frequency 
domains  method,  which  included  calculation  of  the  instant  center  fre- 
quency of  spectrum.  Brain  death  was  associated  with  tachycardia  (R-R 
interval  703  ±  69  vs.  551  ±34  msec,  p  <0.05).  dramatic  reduction  of  the 
global  spectral  power  (44.9 1 9  ±  3 1 .5 1 1  vs.  3.204  ±  1 .469  msec%  p  <0.05 ). 
and  an  abrupt  shift  of  instant  center  frequency  to  a  higher  frequency  range 
(0.17  ±  0.0 1  vs.  0.26  ±  0.03  Hz.  p  <0.05).  CONCLUSIONS:  Such  a 
method  allows  an  instant,  noninvasive  determination  of  brainstem  death 
based  on  a  time  and  frequency  domain  analysis  of  heart  rate  variability. 

Noninvasive  Proportional  Assist  Ventilation  Compared  with  Nonin- 
vasive Pressure  Support  Ventilation  in  Hypercapnic  Acute  Respira- 
tory Failure— Wysocki  M,  Richard  JC,  Meshaka  P.  Cnt  Care  Med  2002 
Feb;30(2):323-329. 

OBJECTIVES:  To  compare  short-term  administration  of  noninvasive 
proportional  assist  ventilation  (NIV-PAV)  and  pressure  suppon  ventila- 
tion (NIV-PSV).  DESIGN:  Prospective,  crossover,  randomized  study. 
SETTING:  Medicosurgical  intensive  care  unit  in  a  nonteaching  hospital. 
PATIENTS:  Twelve  chronic  obstructive  pulmonary  disease  patients 
admitted  for  hypercapnic  acute  respiratory  failure.  INTERVENTION: 
NIV-PSV  and  NIV-PAV  given  in  a  randomized  order  after  baseline  eval- 
uation in  continuous  positive  airway  pressure.  Using  a  flow-triggering 
ventilator,  NIV-PAV  was  adjusted  using  the  runaway  method  and  com- 
pared with  NIV-PSV  at  similar  peak  inspiratory  airway  pressure.  MEA- 
SUREMENTS AND  MAIN  RESULTS:  Flow,  airway  pressure,  and 
changes  in  esophageal  pressure  were  measured  and  the  tidal  volume,  the 
patient's  inspiratory  work  of  breathing,  and  the  esophageal  pressure — 
time  product  were  calculated.  Arterial  pH  and  Paco:  were  measured  and 
breathing  comfort  was  assessed  using  a  visual  analogic  scale.  Peak  inspi- 
ratory airway  pressure  ( 17  ±  3  cm  HiO)  and  tidal  volume  were  similarly 
increased  with  the  two  modalities  with  no  change  in  respiratory  rale.  The 
change  in  esophageal  pressure  was  similarly  decreased  (from  20  ±  8  cm 
H2O  in  continuous  positive  airway  pressure  to  12  ±  7  in  NIV-PSV  and  10 
±  5  cm  H:0  in  NIV-PAV)  as  well  as  inspiratory  muscle  effort  indexes. 
Arterial  pH  and  Pacch  were  similarly  improved.  Breathing  comfort  was 
significantly  improved  in  NIV-PAV  (-1-38  ±  38%)  but  not  in  NIV-PSV 
(+\\  ±  23%).  The  tidal  volume  was  more  variable  in  NIV-PAV  (89  ± 
18%)  than  in  NIV-PSV  ( 15  ±  8%)  and  changes  in  tidal  volume  variability 
were  significantly  correlated  (p  =0.02)  with  changes  in  breathing  com- 
fort. CONCLUSIONS:  In  chronic  obstructive  pulmonary  disease  patients 
with  hypercapnic  acute  respiratory  failure.  NIV-PAV  was  able  to  unload 
inspiratory  muscles  similarly  to  NIV-PSV  but  may  be  more  comfortable 
than  NIV-PSV. 
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Energy  Balance  in  the  Intuhated  Human  Airway  Is  an  Indicator  of 
Optimal  Gas  Conditioning — Rvan  SN,  Rankin  N,  Meyer  E.  Williams 
R,  Cnt  Care  Med  2002  Fcb-.30(2):355-36l . 

OBJECTIVE:  The  optimal  level  of  inspired  heat  and  humidity  for 
patients  receiving  long-term  mechanical  ventilation  is  still  the  subject  of 
debate.  Many  laboratory  studies  examining  surrogate  markers  for  optimal 
humidity  suggest  that  inspired  gas  should  be  at  body  temperature  and 
fully  saturated.  The  aim  of  this  study  was  to  determine  the  inspired  gas 
condition  that  was  thermodynamically  neutral  to  the  airway  of  intubated 
patients,  and  also  examine  the  contribution  of  the  endotracheal  tube  to 
airuay  heat  and  water  balance.  DESIGN:  Prospective,  block-randomized, 
observational  study.  SETTING:  General  adult  intensive  care  unit  of  a 
metropolitan  teaching  hospital.  P.ATIENTS:  Ten  adult  patients  requiring 
intermittent  positive  pressure  ventilation  for  nonpulmonary  reasons. 
INTERVENTIONS:  Each  patient  was  given  four  different  gas  condi- 
tions—30  °  C.  30  mg/L;  34  °  C.  38  mg/L;  37  °  C.  44  mg/L;  and  40 "  C.  50 
mg/L— to  breathe  in  random  order.  MEASUREMENTS  AND  MAIN 
RESULTS:  Inspired  and  expired  gas  temperature  and  humidity,  and  the 
temperature  gradient  down  the  endotracheal  tube,  were  measured  and  the 
inspired  gas  condition  that  gave  thermodynamic  neutrality  was  deter- 
mined. This  was  found  to  be  gas  at  body  temperature,  saturated.  Airway 
workload  and  airway  water  loss  increased  linearly  as  the  inspired  gas 
depaned  from  this  condition,  at  approximately  1.4  kJ/hr/  °  C  and  0.5 
inL/hr/  °  C,  respectively.  The  endotracheal  tube  contributed  very  little  to 
heat  and  water  exchange.  CONCLUSIONS:  Inspired  gas  at  body  temper- 
ature and  saturated  is  thermodynamically  neutral  to  the  intubated  airway, 
and  thus  may  be  considered  the  optimal  condition  for  ventilation  lasting 
more  than  a  few  hours. 

Diagnostic  and  Therapeutic  Management  of  Nosocomial  Pneumonia 
in  Surgical  Patients:  Results  of  the  Eole  Study — Montravers  P,  Veber 
B,  Auboyer  C,  Dupont  H,  Gauzil  R,  Korinek  AM.  et  al.  Cnt  Care  Med 
2002Feb;30(2):368-375. 

OBJECTIVE:  To  assess  clinical,  microbiological,  and  therapeutic  fea- 
tures of  nosocomial  pneumonias  in  surgical  patients.  DESIGN:  Prospec- 
tive (October  1997  through  May  1998),  consecutive  case  series  analysis 
of  patients  suspected  of  having  pneumonia  during  the  fortnight  after  a 
surgical  procedure  or  trauma  and  receiving  antibiotic  therapy  prescribed 
by  the  attending  physician  for  this  diagnosis.  SETTING:  A  total  of  230 
study  centers  in  teaching  (n  =  66)  and  nonteaching  hospitals  (n  =  164) 
(surgical  wards  and  intensive  care  units).  PATIENTS:  A  total  of  837 
evaluable  patients  (mean  age  61  ±  18  yrs)  including  629  intensive  care 
unit  patients.  INTERVENTION:  None.  MEASUREMENTS  AND 
MAIN  RESULTS:  The  diagnostic  and  therapeutic  procedures  followed 
were  based  on  guidelines.  Antibiotics  and  any  changes  of  therapy  and 
duration  of  treatment  were  decided  by  the  attending  physician.  The  charts 
were  reviewed  by  a  panel  of  experts  that  classified  the  cases  according  to 
clinical,  radiologic,  and  microbiological  criteria  (when  available).  The 
efficacy  of  treatment  was  evaluated  over  a  30-day  period  following  the 
index  episode.  The  patients  were  classified  into  three  groups:  definite 
pneumonia  (n  =  261 ).  possible  pneumonia  (n  =  392),  or  low -probability 
pneumonia  (n  =  184).  Ventilator-acquired  pneumonia  was  reported  in 
303  patients.  Early  onset  pneumonia  was  reported  in  512  cases.  Microbi- 
ological sampling  was  performed  in  718  patients,  by  bronchoscopy  in 
367  cases,  recovering  450  organisms  in  328  patients,  including  94 
polymicrobial  specimens.  High  proportions  of  Gram-negative  bacteria 
and  staphylococci  were  cultured,  even  in  early  onset  pneumonias.  Antibi- 
otic therapy  was  administered  for  13  ±4  days,  using  monotherapy  in  254 
cases.  Changes  in  the  initial  antibiotic  therapy  (135  monotherapies)  were 
decided  in  517  patients  (including  clinical  failure  or  persistent  infection, 
n  =  171;  organisms  resistant  to  initial  therapy,  n  =  177;  pulmonary  super- 
infection, n  =  68).  Death  occurred  in  180  patients,  related  to  pneumonia  in 
53  cases.  CONCLUSIONS:  Nosocomial  pneumonias  in  surgical  patients 
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are  characterized  by  high  frequency  of  early  onset  pneumonia,  high  pro- 
portion of  nosocomial  organisms  even  in  these  early  onset  pneumonias, 
and  moderate  mortality  rate. 

Benencial  Effects  of  Nitric  Oxide  Inhalation  on  Pulmonary  Bacterial 
Clearance — Jean  D.  Maitre  B.  Tankovic  J.  Meignan  M,  Adnot  S,  Brun- 
Buisson  C,  et  al.  Cnt  Care  Med  2002  Feb;30(2):442-447. 

OBJECTIVE:  The  beneficial  effects  of  nitric  oxide  inhalation  on  oxy- 
genation during  acute  respiratory  distress  syndrome  are  well  described.  In 
contrast,  the  effects  of  nitric  oxide  on  pulmonary  inflammatory  response 
are  much  less  known  in  vivo.  The  objectives  of  this  study  were  to  evalu- 
ate the  effects  of  nitric  oxide  inhalation  on  bacterial  clearance  during  bac- 
terial pneumonia  and  on  alveolar  neutrophil  functions.  DESIGN:  Con- 
trolled animal  study.  SETTING:  Research  laboratory  of  an  academic 
institution.  SUBJECTS:  Male  Sprague-Dawley  rats.  INTERVENTIONS: 
Severe  pneumonia  was  induced  by  alveolar  instillation  of  live  Pseu- 
domonas  aeruginosa  (1,5  X  10*  colony-forming  units/kg)  in  rats.  After 
instillation,  rats  were  exposed  to  oxygen  alone  (Fio;  IOC)?-)  or  to  oxygen 
(Fio:  approximately  100%)  plus  niunc  oxide  (10  ppm)  during  24  hrs, 
MEASUREMENTS  AND  MAIN  RESULTS:  Oxygen  plus  nitric  oxide 
inhalation  compared  with  oxygen  alone  increased  recruitment  of  alveolar 
neutrophils  (32.5  ±  4.6  x  10''  cells/mL  vs.  23.4  ±  1.9  x  10"  cells/mL,  p 
<0.()5)  and  improved  bacterial  clearance  in  the  bronchoalveolar  lavage 
fluid  (8.1  ±  4.2  X  10-  vs.  1.6  ±  1.0  x  10*  colony-forming  units/mL,  p 
<0.05)  and  in  the  pulmonary  parenchyma  (1.7  +  1.14  x  10'  vs.  3.4  ±  1.5  x 
10"  colony-forming  units/mL,  p  <0.05).  However,  neither  protein  concen- 
tration in  the  bronchoalveolar  lavage  fluid  nor  mortality  rates  were  modi- 
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fiecl  by  nilric  oxide  inhalalion.  The  ex  vivo  alveolar  neutrophil  functions 
were  similar  regardless  of  whether  rats  previously  inhaled  nitric  oxide.  In 
vitro  experiments  demonstrated  that  nitric  oxide  donor  had  a  direct  bacte- 
ricidal effect  against  P.  iieniginnsa  and  did  not  modify  alveolar  neu- 
trophil functions.  CONCLUSIONS:  These  results  suggest  a  beneficial 
eflecl  of  nitric  oxide  inhalalion  on  bacterial  clearance  of  P.  aeruginosa 
attributable  to  both  a  direct  bactericidal  effect  and  an  influx  of  alveolar 
neutrophils  u  ith  preser\  ed  functions. 

Ruiidumized.  Double-Blind.  Piacebo-Conlrollcd  Trial  of  Intravenous 
.Salbutamul  and  Nebulized  Ipratropium  Bromide  in  Early  Manage- 
ment of  Severe  .Acute  .\sthma  in  Children  Presenting  to  an  Emer- 
gency Department — Browne  GJ,  Trieu  L.  Van  Asperen  P.  Crit  Care 
Med  2002Feb:30(2):-t48-453. 

B.ACKGROUND:  In  acute  severe  asthma,  treatment  must  be  initiated 
eariy  to  reverse  the  pathophysiology  that  may  render  airways  less  respon- 
sive to  bronchodilation.  The  addition  of  nebulized  ipratropium  bromide 
to  initial  emergency  department  therapy  improves  pulmonary  function, 
but  it  is  unclear  whether  this  approach  results  in  eariier  hospital  dis- 
charge. The  early  use  of  bolus  intravenous  salbutamol  has  also  been 
shown  to  improve  outcome,  including  earlier  discharge.  We  therefore 
assessed  the  relative  benefits  of  intravenous  salbutamol  and  nebulized 
ipratropium  bromide  in  the  early  management  of  acute  severe  asthma  in 
children  by  a  double-blind,  randomized,  controlled  trial.  METHODS; 
This  study  was  undertaken  at  a  tertiary  children's  hospital.  The  Chil- 
dren's Hospital  at  Westniead.  The  Royal  Alexandra  Hospital  for  Chil- 
dren. Westmead.  Sydney.  Australia.  Only  children  with  severe  acute 
asthma  as  determined  by  the  National  Asthma  Campaign  guidelines  crite- 
ria and  pulmonary  index  were  included.  All  children  received  initial  neb- 
ulized salbutamol  therapy  (2.5-5  mg  salbutamol  in  4  mL  of  normal  saline 
depending  on  age)  at  initial  emergency  department  presentation.  If 
asthma  remained  severe  20  mins  later,  an  intravenous  cannula  was 
inserted  and  intravenous  methylprednisolone  ( 1  mg/kg)  was  administered 
to  all  children  receiving  nebulized  salbutamol  every  20  mins.  Children 
were  then  randomized  to  one  of  three  groups:  intravenous  salbutamol  (15 
(jg/kg  as  a  single  bolus  over  10  mins).  ipratropium  bromide  (250  ng).  or 
intravenous  salbutamol  plus  ipratropium  bromide.  All  observers  were 
blinded  to  treatment  groups.  Children  were  randomly  assigned  to  receive 
a  single-dose  intravenous  bolus  of  either  saline  or  salbutamol  and  either 
nebulized  saline  or  ipratropium  bromide  determined  by  a  number  gener- 
ated randomly  in  the  hospital  pharmacy.  The  primary  outcomes  were 
recovery  time  and  discharge  time  of  each  group.  Respiratory  and  hemo- 
dynamic monitoring  were  continuous  during  the  first  2  hrs  of  the  study 
and  then  children  were  monitored  clinically  for  24  hrs.  RESULTS:  A 
total  of  55  children  with  acute  severe  asthma  were  entered  into  the  study 
over  an  18-month  period.  The  three  groups  were  similar  demographi- 
cally.  with  a  mean  age  of  5.9  yrs.  and  mean  duration  of  attack  of  19.6  hrs. 
No  side  effects  or  treatment  intolerance  were  reported.  Children  in  the 
groups  that  received  intravenous  salbutamol  had  a  significant  reduction  in 
recovery  time  to  achieving  second  hourly  inhaled  salbutamol  (p  =0.008) 
compared  with  those  administered  inhaled  bronchodilator  alone.  The 
addition  of  ipratropium  bromide  to  intravenous  salbutamol  provided  no 
significant  further  benefit  in  terms  of  nebulizer  therapy  (intravenous 
salbulamol  compared  with  intravenous  salbutamol  plus  ipratropium  bro- 
mide). Children  administered  intravenous  salbutamol  ceased  supplemen- 
tal oxygen  therapy  earlier  than  those  administered  ipratropium  alone  at  12 
hrs  post-randomization  (p  =0.0003).  Children  administered  intravenous 
salbutamol  could  be  discharged  from  the  hospital  28  hrs  earlier  than  those 
administered  ipratropium  bromide  (p  =0.013).  CONCLUSION:  Children 
administered  intravenous  salbutamol  for  severe  acute  asthma  showed  a 
more  rapid  recovery  time,  which  resulted  in  earlier  discharge  from  the 
hospital  than  those  administered  inhaled  ipratropium  bromide.  There  w  as 
no  additional  benefit  obtained  by  combining  ipratropium  bromide  and 
intravenous  salbutamol  administration. 


Ciiniplicutions  of  Central  Venous  Catheters:  Internal  Jugular  Versus 
Subclavian  Access — A  Systematic  Rcviev» — Ruesch  S,  Walder  B, 
Tramer  MR.  Crit  Care  Med  2002  Feb;30(2):454-460. 

OBJECTIVE:  To  test  whether  complications  happen  more  often  w  ith  the 
internal  jugular  or  the  subclavian  central  venous  approach.  DATA 
SOURCE:  Systematic  search  (MEDLINE.  Cochrane  Library.  EMBASE. 
bibliographies)  up  to  June  30,  2000,  with  no  language  restriction. 
STUDY  SELECTION:  Reports  on  prospective  comparisons  of  internal 
jugular  vs.  subclav  ian  catheter  insertion,  w  ith  dichotomous  data  on  com- 
plications. DATA  EXTRACTION:  No  valid  randomized  trials  were 
found.  Seventeen  prospective  comparative  trials  with  data  on  2.085  jugu- 
lar and  2.428  subclavian  catheters  were  analyzed.  Meta-analyses  were 
performed  with  relative  risk  (RR)  and  959^  confidence  interval  (CI), 
using  fixed  and  random  effects  models.  DATA  SYNTHESIS:  In  si.x  trials 
(2.010  catheters),  there  were  significantly  more  arterial  punctures  with 
jugular  catheters  compared  with  subclavian  (3.07f  vs.  0.5%,  RR  4.70 
[95%  CI.  2.05-10.77]).  In  six  trials  (1.299  catheters),  there  were  signifi- 
cantly less  malpositions  with  the  jugular  access  (5.3%  vs.  9.3%.  RR  0.66 
[0.44-0.99]).  In  three  trials  (707  catheters),  the  incidence  of  bloodstream 
infection  was  8.6%  with  the  jugular  access  and  4.0%  with  the  subclavian 
access  (RR  2.24  [0.62-8.09] ).  In  ten  trials  (3.420  catheters),  the  incidence 
of  hemato-  or  pneumothorax  was  1.3%  vs.  1.5%  (RR  0.76  [0.43-1.33]). 
In  four  trials  (899).  the  incidence  of  vessel  occlusion  was  0%  vs,  1.2% 
(RR  0.29  [0.07-1.33]).  CONCLUSIONS:  There  are  more  arterial  punc- 
tures but  less  catheter  malpositions  with  the  internal  jugular  compared 
w  ith  the  subclavian  access.  There  is  no  evidence  of  any  difference  in  the 
incidence  of  hemato-  or  pneumothora.x  and  vessel  occlusion.  Data  on 
bloodstream  infection  are  scarce.  These  data  are  from  nonrandomized 
studies;  selection  bias  cannot  be  ruled  out.  In  terms  of  risk,  the  data  most 
likely  represent  a  best  case  scenario.  For  rational  decision-making,  ran- 
domized trials  are  needed. 

Severe  Status  Asthmaticus:  Management  with  Permissive  Hypercap- 
nia  and  Inhalation  Anesthesia — Mutlu  GM.  Factor  P.  Schwartz  DE. 
Sznajder  JI.  Crit  Care  Med  2002  Feb;3O(2);477-480. 

OBJECTIVE;  To  describe  the  difficulties  that  can  be  encountered  dunng 
mechanical  ventilation  of  severe  status  asthmaticus  and  to  discuss  the 
safety  of  permissive  hypercapnia  as  a  ventilatory  strategy  and  the  role  and 
limitations  of  inhalation  anesthesia  in  the  treatment  of  refractory  cases. 
DESIGN;  Case  series  and  review  of  literature.  SETTING;  Intensive  care 
unit  of  a  tertiary  care  hospital.  PATIENTS;  Two  patients  with  severe  status 
asthmaticus.  INTERVENTIONS:  Administration  of  inhalational  anesthet- 
ics. MEASUREMENTS  AND  MAIN  RESULTS;  Both  patients  had  respi- 
ratory failure  secondary  to  status  asthmaticus  requiring  mechanical  ventila- 
tion and  permissive  hypercapnia.  They  also  received  inhalational 
anesthetics  because  of  refractory  bronchoconstriction.  Levels  of  Paco:  in 
each  case  were  among  the  highest  and  most  prolonged  elevations  (>150 
mm  Hg  for  several  hours)  reported  to  date.  In  one  case,  life-threatening  dif- 
ficulties with  ventilation  w  ere  encountered  related  to  the  use  of  an  anesthe- 
sia ventilator.  .Although  they  had  complications  related  to  the  severity  of 
their  illnesses,  both  were  treated  to  recovery.  CONCLUSIONS;  Mechani- 
cal ventilation  in  se\ere  status  asthmaticus  can  be  challenging.  Permissive 
hypercapnia  is  a  relatively  safe  strategy  in  the  ventilatory  management  of 
asthma.  High  levels  of  hypercapnia  and  associated  severe  acidosis  are  well 
tolerated  in  the  absence  of  contraindications  (i.e..  preexisting  intracranial 
hypertension).  Inhalation  anesthesia  may  be  useful  in  the  U'eatment  of 
refractory  cases  of  asthma  but  should  be  used  carefully  because  it  may  be 
hazardous  owing  to  poor  flow  capabilities  of  most  anesthesia  ventilators. 

Effect  of  Long  Term  Treatment  with  Azithromycin  on  Disease 
Parameters  in  Cystic  Fibrosis:  .A  Randomised  Trial — Wolter  J. 
Seeney  S.  Bell  S.  Bowler  S.  Masel  P.  McComiack  J.  Thorax  2002 
Mar;57(3);212-216. 
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BACKGROUND:  Relentless  chronic  pulmonary  inflammation  is  the 
major  contributor  to  morbidity  and  mortality  in  patients  with  cystic  fibro- 
sis (CF).  While  immunomodulating  therapies  such  as  prednisolone  and 
ibuprofen  may  be  beneficial,  their  use  is  limited  by  side  effects. 
Macrolides  have  immunomodulatory  properties  and  long  term  use  dra- 
matically improves  prognosis  in  diffuse  panbronchiolitis.  a  condition 
with  features  in  common  with  the  lung  disease  of  CF.  METHODS:  To 
determine  if  azithromycin  (AZMl  improves  clinical  parameters  and 
reduces  infiammation  in  patients  with  CF.  a  3  month  prospective  ran- 
domised double  blind,  placebo  controlled  study  of  AZM  (250  mg/day) 
was  undertaken  in  adults  with  CF.  Monthly  assessment  included  lung 
function,  weight,  and  quality  of  life  (QOL).  Blood  and  sputum  collection 
assessed  systemic  inflammation  and  changes  in  bacterial  flora.  Respira- 
tory exacerbations  were  treated  according  to  the  policy  of  the  CF  Unit. 
RESULTS:  Sixty  patients  were  recruited  (29  men)  of  mean  (SD)  age  27.9 
(6.5)  years  and  initial  forced  expiratory  volume  in  1  second  (FEVi)  56.6 
(22.3)%  predicted.  FEV|<7r  and  forced  vital  capacity  (FVC)%  predicted 
were  maintained  in  the  AZM  group  while  in  the  placebo  group  there  was 
a  mean  (SE)  decline  of  -3.62  (1.78)%  (p=0.047)  and  -5.73  (1.66)% 
(p=0.001).  respectively.  Fewer  courses  of  intravenous  antibiotics  were 
used  in  patients  on  AZM  (0.37  v  1.13,  p=0.016).  Median  C  reactive  pro- 
tein (CRP)  levels  declined  in  the  AZM  group  from  10  to  5.4  mg/mL  but 
remained  constant  in  the  placebo  group  (p<0.001).  QOL  improved  over 
time  in  patients  on  AZM  and  remained  unchanged  in  those  on  placebo 
(p=0.035).  CONCLUSION:  AZM  m  adults  with  CF  significantly 
improved  QOL.  reduced  CRP  levels  and  the  number  of  respiratory  exac- 
erbations, and  reduced  the  rate  of  decline  in  lung  function.  Long  term 
AZM  may  have  a  significant  impact  on  morbidity  and  mortality  in 
patients  with  CF.  Further  studies  are  required  to  define  frequency  of  dos- 
ing and  duration  of  benefit. 

Attack  Context:  An  Important  .Mediator  of  the  Relationship  Between 
Psychological  Status  and  Asthma  Outcomes — Greaves  CJ,  Eiser  C, 
Seamark  D,  Halpin  DM.  Thorax  2002  Mar;57(3):217-221. 

BACKGROUND:  The  importance  of  psychosocial  variables  in  asthma  is 
increasingly  recognised,  although  attempts  to  relate  these  to  asthma  out- 
comes often  produce  only  weak  relationships.  This  study  aimed  to  iden- 
tify whether  such  relationships  might  be  obscured  by  the  effects  of  recent 
asthma  experience  on  psychological  status.  METHODS:  An  adult  com- 
munity sample  of  37  patients  who  had  suffered  a  recent  attack  of  asthma 
and  37  with  stable  asthma  were  given  measures  of  panic  fear  and  control 
confidence.  The  relationship  with  subsequent  emergency  service  use  was 
examined  using  two  way  ANOVA  and  correlational  analyses.  Covariate 
infiuences  (psychiatric  morbidity,  age,  sex,  treatment  level,  asthma  dura- 
tion, social  status)  were  considered.  RESULTS:  Control  confidence  pre- 
dicted emergency  service  use  in  different  ways  for  recent  attack  and  sta- 
ble asthma  patients.  This  interaction  was  highly  significant  (F(l,69)  = 
10.32,  p<0.005)  with  high  confidence  relating  to  an  increased  risk  of  an 
attack  in  the  recent  attack  group  and  low  confidence  relating  to  increased 
risk  for  the  stable  asthma  group.  There  was  also  an  interaction  between 
panic  fear  and  attack  context  (F(l,69)  =  1 1.05,  p<0.005)  with  low  panic 
fear  resulting  in  more  attacks  for  recent  attack  cases.  CONCLUSIONS: 
Attack  context  (having  a  recent  attack)  is  an  important  mediator  of  psy- 
chological status.  Strong  cognitive/affective  responses  to  attacks  may 
motivate  improved  self-care  and  this  represents  a  window  of  opportunity 
for  self-care  interventions.  Weak  cognitive/affective  responses  to  attacks 
may  reflect  denial  and  require  different  intervention  approaches.  For 
those  with  recently  stable  asthma  the  relationships  are  qualitatively  and 
quantitatively  different,  and  the  implications  for  intervention  are  also  dis- 
cussed. 

Laser  .Acupuncture  in  Children  and  Adolescents  with  Exercise 
Induced  Asthma — Gruber  W,  Eber  E,  Malle-.Scheid  D,  Pfleger  A,  Wein- 
handl  E,  Dorf'er  L,  Zach  MS.  Thorax  2002  Mar;57(3):222-225. 


Background:  Laser  acupuncture,  a  painless  technique,  is  a  widely  used 
alternative  treatment  method  for  childhood  asthma,  although  its  efficacy 
has  not  been  proved  in  controlled  clinical  studies.  Methods:  A  double 
blind,  placebo  controlled,  crossover  study  was  performed  to  investigate 
the  possible  protective  effect  of  a  single  laser  acupuncture  treatment  on 
cold  dry  air  hyperventilation  induced  bronchoconstriction  in  44  children 
and  adolescents  of  mean  age  11.9  years  (range  7.5-16.7)  with  exercise 
induced  asthma.  Laser  acupuncture  was  performed  on  real  and  placebo 
points  in  random  order  on  two  consecutive  days.  Lung  function  was  mea- 
sured before  laser  acupuncture,  immediately  after  laser  acupuncture  (just 
before  cold  dry  air  challenge  (CACh)),  and  3  and  15  minutes  after  CACh. 
CACh  consisted  of  a  4  minute  isocapnic  hyperventilation  of  -IOC  abso- 
lute dry  air.  Results;  Comparison  of  real  acupuncture  with  placebo 
acupuncture  showed  no  significant  differences  in  the  mean  maximum 
CACh  induced  decrease  in  forced  expiratory  volume  in  1  second  (27.2 
(18.2)%  v  23.8  (16.2)%)  and  maximal  expiratory  flow  at  25%  remaining 
vital  capacity  (51.6  (20.8)%  v  44.4  (22.3)%).  Conclusions:  A  single  laser 
acupuncture  treatment  offers  no  protection  against  exercise  induced  bron- 
choconstriction in  paediatric  and  adolescent  patients. 

Influence  of  Cigarette  Smoking  on  Inhaled  Corticosteroid  Treatment 
in  Mild  Asthma — Chalmers  GW,  Macleod  KJ,  Little  SA,  Thomson  U, 
McSharry  CP,  Thomson  NC.  Thorax  2002  Mar:57(3):226-230. 

Background:  Although  inhaled  corticosteroids  have  an  established  role  in 
the  treatment  of  asthma,  studies  have  tended  to  concentrate  on  non-smok- 
ers and  little  is  known  about  the  possible  effect  of  cigarette  smoking  on 
the  efficacy  of  treatment  with  inhaled  steroids  in  asthma.  A  study  was 
undertaken  to  investigate  the  effect  of  acnve  cigarette  smoking  on 
responses  to  treatment  with  inhaled  corticosteroids  in  patients  with  mild 
asthma.  Methods:  The  effect  of  treatment  with  inhaled  fluticasone  propi- 
onate ( 1000  microg  daily)  or  placebo  for  3  weeks  was  studied  in  a  double 
blind,  prospective,  randomised,  placebo  controlled  study  of  38  steroid 
naive  adult  asthmatic  patients  (21  non-smokers).  Efficacy  was  assessed 
using  morning  and  evening  peak  expiratory  flow  (PEF)  readings,  spiro- 
metric  parameters,  bronchial  hyperreactivity,  and  sputum  eosinophil 
counts.  Comparison  was  made  between  responses  to  treatment  in  non- 
smoking and  smoking  asthmatic  patients.  Results:  There  was  a  signifi- 
cantly greater  increase  in  mean  morning  PEF  in  non-smokers  than  in 
smokers  following  inhaled  fluticasone  (27  L/min  v  -5  L/min).  Non- 
smokers  had  a  statistically  significant  increase  in  mean  morning  PEF  (27 
L/min).  mean  forced  expiratory  volume  in  1  second  (0.17  L),  and  geomet- 
ric mean  PC 20  (2.6  doubling  doses),  and  a  significant  decrease  in  the  pro- 
portion of  sputum  eosinophils  (-1.75%)  after  fluticasone  compared  with 
placebo.  No  significant  changes  were  observed  in  the  smoking  asthmatic 
patients  for  any  of  these  parameters.  Conclusions:  Active  cigarette  smok- 
ing impairs  the  efficacy  of  short  term  inhaled  corticosteroid  treatment  in 
mild  asthma.  This  finding  has  important  implications  for  the  management 
of  patients  with  mild  asthma  who  smoke. 

Inspiratory  Muscle  Maximum  Relaxation  Rate  Measured  from  Sub- 
maximal  Sniff  Nasal  Pressure  in  Patients  with  Severe  COPD — 

Kyroussis  D,  Johnson  LC,  Hamnegard  CH,  Polkey  MI,  Moxham  J.  Tho- 
rax 2002  Mar:57(3):254-257. 

BACKGROUND:  Slowing  of  the  inspiratory  muscle  maximum  relax- 
ation rate  (MRR)  is  a  useful  index  of  severe  inspiratory  muscle  loading 
and  potential  fatigue  and  has  been  measured  from  the  oesophageal  pres- 
sure during  sniffs  in  patients  with  chronic  obstructive  pulmonary  disease 
(COPD).  The  purpose  of  this  study  was  to  investigate  whether  it  is  possi- 
ble to  measure  MRR  and  detect  slowing  using  sniff  nasal  pressure  in 
patients  with  COPD  and  to  investigate  the  relationship  between  sniff 
oesophageal  and  sniff  nasal  MRR.  METHODS:  Eight  patients  with 
severe  COPD  (mean  FEV|  0.7  1;  26%  predicted)  were  studied.  Each  sub- 
ject performed  subniaximal  sniff  manoeuvres  before  and  after  walking  to 
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Abstracts 


a  state  of  severe  dyspnoea  on  a  treadmill.  Oesophageal  and  gastric  pres- 
sures were  measured  using  balloon  lipped  catheters  and  nasal  pressure 
was  measured  using  an  individually  modelled  nasal  cast.  MRR  (%  pres- 
sure fall/10  ms)  was  determined  for  each  sniff  and  any  change  following 
exercise  was  reported  as  percentage  of  baseline  to  allow  comparison  of 
sniff  nasal  and  oesophageal  MRR.  RESULTS:  At  rest  the  mean  (SE)  sniff 
P,^.,  MRR  was  7.1  (0.3)  and  the  mean  P„;„;,i  MRR  was  8.6  (0.1).  At  1 
minute  following  e,\ercise  there  was  a  mean  decrease  in  sniff  Poes  MRR 
of  33.79r  (range  20.7-53.4%)  and  a  mean  decrease  in  sniff  P„a,ai  MRR  of 
28. 29^  (range  8.1-52.8%).  The  degree  of  slowing  and  time  course  of 
recovery  was  similar,  with  both  returning  to  baseline  values  within  5-10 
minutes.  A  separate  analysis  of  the  sniff  pressures  using  only  the  nasal 
pressure  ttaces  demonstrated  a  similar  pattern  of  slowing  and  recovery. 
CONCLUSIONS:  It  is  possible  to  detect  slowing  of  the  inspiratory  mus- 
cles non-invasively  using  sniff  nasal  pressures  in  patients  with  COPD. 
This  could  he  a  useful  technique  with  which  to  measure  severe  and  poten- 
tially fatiguing  inspiratory  muscle  loading,  both  in  clinical  settings  and 
during  exercise  studies. 

Effect  of  Assist  Negative  Pressure  Ventilation  by  Microprocessor 
Based  Iron  Lung  on  Breathing  Effort — Gorini  M,  Villella  G.  Ginanni 
R.  Augustynen  A,  Tozzi  D.  Corrado  A.  Thorax  2002  Mar;57(3):258-262. 

Background:  The  lack  of  patient  triggering  capability  during  negative  pres- 
sure ventilation  (NPV)  may  contribute  to  poor  patient  synchrony  and 
induction  of  upper  airway  collapse.  This  study  was  undertaken  to  evaluate 
the  pertbrmance  of  a  microprocessor  based  iron  lung  capable  of  thermistor 
triggering.  Methods:  The  effects  of  NPV  with  thermistor  triggering  were 
studied  in  four  normal  subjects  and  six  patients  with  an  acute  exacerbation 
of  chronic  obstructive  pulmonary  disease  (COPD)  by  measuring:  (1)  the 
time  delay  (TDtr)  between  the  onset  of  inspiratory  airflow  and  the  start  of 
assisted  breathing;  (2)  the  pressure-time  product  of  the  diaphragm  (PTPdi); 
and  (3)  non-triggering  inspiratory  efforts  (NonTrEf).  In  patients  the  effects 
of  negative  extrathoracic  end  expiratory  pressure  (NEEP)  added  to  NPV 
were  also  evaluated.  Results:  With  increasing  trigger  sensitivity  the  mean 
(SE)  TDu-  ranged  from  0.29  (0.02)  s  to  0.21  (0.01 )  s  (mean  difference  0.08 
s,  95%  CI  0.05  to  0.12)  in  normal  subjects  and  from  0.30  (0.02)  s  to  0.21 
(0.01)  s  (mean  difference  0.09  s,  95%  CI  0.06  to  0.12)  in  patients  with 
COPD;  NonTrEf  ranged  from  8.2  (1.8)%  to  1.2  (0.1)%  of  the  total  breaths 
in  normal  subjects  and  from  1 1 .8  (2.2)%  to  2.5  (0.4)%  in  patients  with 
COPD.  Compared  with  spontaneous  breathing,  PTPdi  decreased  signifi- 
cantly with  NPV  both  in  normal  subjects  and  in  patients  with  COPD.  NEEP 
added  to  NPV  resulted  in  a  signitlcant  decrease  in  dynamic  intrinsic  PEEP, 
diaphragm  effort  exerted  in  the  pre-trigger  phase,  and  NonTrEf.  Conclu- 
sions: Microprocessor  based  iron  lung  capable  of  thermistor  triggering  was 
able  to  pertorm  assist  NPV  with  acceptable  TDtr,  significant  unloading  of 
the  diaphragm,  and  a  low  rate  of  NonTrEf  NEEP  added  to  NPV  improved 
the  synchrony  between  the  patient  and  the  ventilator. 

The  Pulmonary  Physician  in  Critical  Care  #  3:  Critical  Care  Man- 
agement of  Community  Acquired  Pneumonia — Baudouin  SV.  Thorax 
20():Mar;57(3):267-271. 

Severe  community  acquired  pneumonia  carries  a  high  mortality.  Early 
recognition  of  the  severity  of  the  illness,  rapid  and  appropriate  resuscita- 
tion, targeted  antibiotic  treatment,  and  the  critical  care  support  of  multiple 
failing  organ  systems  are  all  important  in  this  group  of  patients.  Only  by 
improving  all  these  aspects  of  care  is  it  likely  that  survival  will  increase. 

Proportional  Assist  Ventilation  (P.AV):  A  Significant  Advance  or  a 
Futile  Struggle  Between  Logic  and  Practice? — Amhrosino  N,  Rossi  A 
Thorax  2002  Mar;57(3):272-276. 

Proportional  assist  ventilation  is  a  promising  addition  to  other  more  con- 
ventional modes  of  mechanical  ventilation  with  the  theoretical  advantage 


of  improving  patient-ventilator  interaction.  It  may  also  be  of  use  as  a 
diagnostic  tool  in  the  control  of  breathing  in  mechanically  ventilated 
patients. 

Bronchodilating  Effect  of  Oxitropium  Bromide  in  Heart  Disease 
Patients  with  Exacerbations  of  COPD:  Double-Blind,  Randomized, 
Controlled  Study — Centanni  S,  Santus  P.  Casanova  F.  Carlucci  P. 
Bcneri  B.  Castagna  F,  et  al.  Respir  Med  2002  Mar;96(3);137-141. 

Anti-cholinergic  agents  are  considered  the  bronchodilator  therapy  of 
first-choice  in  the  treatment  of  patients  with  stable  chronic  obstructive 
pulmonary  disease  (COPD)  associated  with  heart  disease  since  they  may 
be  as  effective  or  more  effective  than  inhaled  pi-agonists  and,  moreover, 
they  do  not  interact  with  cardiac  p-adrenoceptors.  The  aim  of  our  study 
was  to  evaluate  the  bronchodilator  activity  of  oxitropium  bromide  in  out- 
patients suffering  from  exacerbations  of  COPD  associated  with  heart  dis- 
eases (ischaemic  heart  disease  and/or  arrhythmias).  We  recruited  50  con- 
secutive outpatients  (33  males  and  17  females,  mean  age  68.6  years,  15 
current  smokers  and  35  ex-smokers).  Each  patient  performed  body 
plethismography  in  basal  condition  and  30  min  after  inhalation  of  200 
microg  metered  dose  inhaler  (MDI)  oxitropium  bromide  administered  by 
a  device  (Fluspacer).  FEVi,  FVC,  MMEF25.75.  sRa^  and  tRa«  were  evalu- 
ated. Thirty  minutes  after  200  microg  oxifropium  bromide  administration, 
we  observed  a  significant  improvement  in  FEV|  11.6%  ±  1  (mean  ± 
SEM)  (p<0.01);  FVC,  MMEFi^.ts  sRa„  variation  was  respectively:  9.2% 
±  0.6,  31.4  ±  2.9,  -19.9  ±  1.1.  Placebo  did  not  significantly  change  pul- 
monary function.  Our  data  suggest  that  oxitropium  bromide  bronchodila- 
tor activity  is  effective  in  exacerbations  of  COPD. 

Asthma  Control  and  Differences  in  Management  Practices  Across 
Seven  European  Countries — Vermeire  PA,  Rabe  KF,  Soriano  JB. 
Maier  WC.  Respir  Med  2002  Mar;96(3):  142- 1 49. 

Failure  to  follow  asthma  management  guidelines  may  result  in  poor 
asthma  control  for  many  patients.  The  Asthma  Insights  and  Reality  in 
Europe  (AIRE)  survey,  a  multi-national  survey  assessing  the  level  of 
asthma  control  from  the  patients  perspecti\e  in  seven  Western  European 
countries.  pre\  iously  demonstrated  that  the  Global  Initiative  for  Asthma 
(GINA)  guideline  goals  were  not  achieved  in  Western  Europe  and  that 
both  adults  and  children  with  asthma  were  poorly  controlled.  Using  addi- 
tional data  on  asthma  management  practices  from  each  of  the  seven  coun- 
tries in  the  AIRE  survey,  we  compared  variations  in  asthma  morbidity 
and  asthma  management  practices  across  countries  to  provide  insight  into 
the  reasons  for  poor  asthma  control.  Asthma  management  practices  and 
asthma  control  among  adults  and  children  with  current  asthma  were  sub- 
optimal  in  each  of  seven  countries  suneyed.  Among  patients  with  symp- 
toms of  severe  persistent  asthma,  over  40%  reported  their  asthma  was 
well  or  completely  controlled.  School  absence  due  to  asthma  was 
reported  by  up  to  52.7%  of  children  and  up  to  27.6%  of  adult  reported 
work  absence  due  to  asthma.  Lung  function  testing  in  the  past  year  was 
uncommon:  ranging  from  13.5%  of  children  in  the  U.K.  to  68.8%  of 
adults  in  Germany.  Written  asthma  management  plans  were  used  by  less 
than  50%  of  adults  and  less  than  61%  of  children  in  all  seven  countries. 
Most  adults  (49.5-73.0%)  and  a  large  proportion  of  children  (38.4-70.6%) 
had  follow-up  visits  for  their  asthma  only  when  problems  developed.  The 
ratio  of  recent  inhaled  corticosteroid  use  to  recent  short-acting  13-agonist 
use  was  inappropriate  (<1)  among  patients  with  symptoms  of  severe 
asthma  in  all  countries.  This  disparity  was  greatest  among  adults  in  Italy 
and  France,  where  recent  inhaled  corticosteroid  use  was  reported  by  less 
than  one  in  nine  patients  reporting  recent  use  of  short-acting  bronchodi- 
alators  (1S:SAB  <0. 1 1).  Management  practices  differ  between  countries 
and  additional  public  health  interventions  and  resources  may  be  neces- 
sary to  reduce  patient  suffering.  Further  efforts  to  fully  implement  asthma 
management  guidelines  are  required  to  improve  asthma  control  in 
Europe. 
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The  Use  of  the  Air  Leak  Test  and  Corticosteroids  in  Intubated  Children: 
A  Survey  of  Pediatric  Critical  Care  Fellowship  Directors 

Jason  A  Poland  MD,  Dennis  M  Super  MD  MPH,  Nagib  S  Dahdah  MD,  and 

Maroun  J  Mhanna  MD 


INTRODUCTION:  Uncertainties  exist  regarding  the  value  of  the  air  ieali  test  or  use  of  steroids  for 
preventing  post-extubation  stridor  and  extubation  failure  in  children.  OBJECTIVE:  Determine  the 
practice  preferences  of  pediatric  critical  care  physicians  regarding  the  air  leak  test  and  adminis- 
tration of  glucocorticosteroids  to  prevent  airway  edema.  METHODS:  A  14-question  survey  regard- 
ing the  value  of  the  air  leak  test,  use  of  glucocorticosteroids,  and  management  of  airway  edema  in 
intubated  children  was  sent  to  all  North  American  pediatric  critical  care  fellowship  directors 
affiliated  with  medical  school  teaching  hospitals.  RESULTS:  The  response  rate  was  85%  (58/68). 
Seventy-six  percent  (44/58)  routinely  check  for  air  leak  prior  to  extubation.  The  physicians  who 
check  for  air  leak  were  more  likely  to  delay  extubation  in  order  to  administer  glucocorticosteroids 
(60%  [26/43]  vs  15%  [2/13],  p  =  0.01).  An  air  leak  of  >  30  cm  H,0  was  more  likely  (than  >  20  cm 
H,0)  to  result  in  delaying  extubation  (95%  [35/37]  vs  51%  [19/37],  p  <0.001).  Of  the  respondents 
who  use  steroids  for  airway  edema  prophylaxis,  73%  (24/33)  give  steroids  based  on  the  air  leak  test. 
CONCLUSIONS:  The  majority  of  surveyed  pediatric  critical  care  fellowship  program  directors 
rely  on  the  air  leak  test  and  use  corticosteroids  to  prevent  post-extubation  stridor  and  extubation 
failure.  At  an  air  leak  of  ^  30  cm  11,0  most  of  the  surveyed  physicians  would  delay  extubation  and 
initiate  glucocorticosteroids.  Key  words:  pediatrics,  intensive  care  unit,  steroids,  health  care  sun'ey. 
stridor,  air  leak  test,  extubation.     [Respir  Care  2002:47(6):662-666] 


Introduction 

Tracheal  intubation  can  result  in  damage  to  the  larynx, 
manifested  by  inflammation  and  swelling,  leading  to  com- 
plications such  as  stridor  and  upper  airway  obstruction.'  -* 
In  neonates  and  infants  the  presence  of  post-extubation 
stridor  and  the  number  of  endotracheal  tube  (ETT)  inser- 
tions directly  correlate  with  the  risk  of  developing  sub- 
glottic stenosis.'^"' 


The  air  leak  test  measures  the  air  pressure  required  to 
produce  an  audible  (to  a  stethoscope  placed  over  the  lar- 
ynx) rush  of  air  around  the  ETT.'*'"  The  air  leak  test  has 
been  used  to  predict  successful  extubation  among  children 
with  viral  croup  and  after  tracheal  surgery — conditions 
that  can  produce  upper  airway  edema."-'-''  It  has  become 
a  common  practice  in  many  centers  to  routinely  test  for  air 
leak  prior  to  extubation  in  all  intubated  children,  regard- 
less of  the  underlying  pathology.  A  study  by  Kemper  et  al 
of  pediatric  trauma  patients  found  that  the  absence  of  an 
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air  leak  at  30  cm  H,0  pressure  might  predict  extubation 
failure. '■* 

The  utility  of  steroids  in  reducing  post-extubation  la- 
ryngeal edema  is  uncertain.  A  single  dose  of  hydrocorti- 
sone prior  to  extubation  showed  no  beneficial  effect  in 
adults,  whereas  in  pre-term  infants  dexamethasone  pre- 
vented post-extubation  airway  obstruction.'^"'  Studies  of 
the  use  of  dexamethasone  to  prevent  airway  obstruction 
and  post-exluhation  stridor  in  children  have  given  mixed 
results."-'"  Children  in  certain  age  groups  are  more  sus- 
ceptible to  post-intubation  laryngeal  edema,  yet  attempts 
to  stratify  children  by  age  showed  no  advantage  from  dexa- 
methasone in  preventing  post-extubation  stridor.-''''^  Un- 
certainty also  exists  regarding  steroid  dosing  regimen  prior 
to  extubation. ''^-"* 

The  use  of  cuffed  ETTs  in  children  <  7  years  of  age  has 
not  been  recommended  by  the  Pediatric  Advanced  Life 
Support  Committee  of  the  American  Heart  Association, 
but  it  has  been  a  common  practice  to  use  cuffed  ETTs  in 
young  children.-"-'  ETT  size  may  affect  airway  edema. 
Whether  down-sizing  the  ETT  in  the  absence  of  an  air  leak 
decreases  the  development  of  airway  edema  or  stridor  is 
unknown. 

Our  objective  was  to  determine  areas  of  consensus  and 
controversy  among  pediatric  intensivists  in  the  manage- 
ment of  airway  edema.  A  questionnaire  was  distributed  to 
all  North  American  pediatric  critical  care  fellowship  di- 
rectors affiliated  with  medical  school  teaching  hospitals. 
The  survey  was  conducted  to  assess  practice  patterns  in 
areas  of  controversy,  and  the  information  generated  from 
our  survey  will  provide  data  to  frame  future  research  ques- 
tions and  improve  our  current  practice. 

Methods 

Our  institutional  review  board  approved  the  protocol  for 
this  survey.  All  pediatric  critical  care  fellowship  directors 
registered  with  the  American  Academy  of  Pediatrics  were 
surveyed.  The  directors  were  initially  recruited  by  an  elec- 
tronic-mail survey.  Electronic  mail  and  postal  addresses 
were  obtained  from  the  Pediatric  Critical  Care  Web  site 
(http://PedsCCM.org).  Nonrespondents  received  2  fol- 
low-up e-mails,  one  week  apart.  Physicians  who  did  not 
respond  to  the  e-mails  received  an  additional  mailing  via 
the  postal  service,  and  if  they  did  not  respond  to  that 
mailing  they  were  considered  nonresponders.  All  returned 
surveys  were  included  in  the  results,  even  if  the  question- 
naire was  not  complete.  Respondents'  demographic  data 
was  obtained  from  the  Web  sites  of  the  American  Board  of 
Pediatrics  and  the  American  Academy  of  Pediatrics. 

The  survey  addressed  individual  practices  of  pediatric 
critical  care  fellowship  directors  regarding  the  value  of  the 
air  leak  lest,  use  of  glucocorticosteroids,  and  management 


of  airway  edema  in  intubated  children.  Figure  I  shows  the 
survey  questionnaire. 

Statistical  Analysis 

For  dichott)mous  data,  the  Fisher's  exact  test  was  used 
for  unpaired  data,  and  McNemar's  test  was  used  for  paired 
data.  Categorical  data  are  rcpoiled  as  percentages,  with  the 
corresponding  y.'i'/r  confidence  interval.--  Statistical  sig- 
nificance was  defined  a  priori  as  p  <  0.05,  2-taii. 

Results 

The  response  rate  was  85%  (58/68).  Seventy-two  per- 
cent (42/58)  of  the  respondents  completed  the  question- 
naire. The  remainder  answered  at  least  1 1  of  the  14  ques- 
tions. 

In  response  to  the  questions  about  the  air  leak  test  (ques- 
tions 1  and  2),  76%  (44/58,  95%  confidence  interval  62.6, 
85.7)  of  the  respondents  check  for  air  leak  prior  to  extu- 
bation. The  demographics  were  similar  among  physicians 
who  do  and  do  not  check  for  air  leak,  regarding  the  num- 
ber of  years  since  medical  school  graduation,  pediatric 
critical  care  board  certification,  gender,  primary  specialty, 
and  board  certification.  Among  the  physicians  who  check 
for  air  leak,  37  reported  their  definition  of  an  abnormal 
test.  A  leak  pressure  <  20  cm  H^O  was  considered  safe  for 
extubation  by  all  of  the  respondents,  whereas  almost  half 
considered  a  value  <  30  cm  H^O  safe  for  extubation  ( 1 00% 
[37/37]  versus  49%  [18/37],  p  <  0.001).  Only  5%  (2/37) 
of  respondents  considered  extubation  safe  if  the  air  leak 
value  was  <  40  cm  H^O.  An  air  leak  value  >  30  cm  H^O 
(versus  3:  20  cm  H^O)  was  more  likely  to  result  in  delay- 
ing extubation  (95%  [35/37]  versus  51%  [19/37],  p  < 
0.001). 

In  response  to  the  questions  about  the  use  of  steroids 
(questions  3-12),  19%  (1 1/57)  of  all  respondents  routinely 
use  steroids  for  airway  edema  prophylaxis.  Table  1  shows 
the  response  to  the  question  regarding  extubation  delay 
after  administration  of  steroids  for  an  abnormal  air  leak 
test.  Table  2  shows  the  response  to  the  question  about  the 
use  of  steroids  based  on  air  leak  values. 

In  response  to  the  question  regarding  the  use  of  steroids 
for  airway  edema  prophylaxis  in  children  of  different  age 
groups,  81%  (29/36)  do  not  consider  age  in  the  decision  to 
use  steroids.  Only  14%  (5/36)  consider  using  steroids  in 
children  <  1  year  of  age,  regardless  of  the  air  leak  level. 

In  response  to  the  question  about  prc-cxtubation  steroid 
regimen,  13%  (6/48)  use  a  single  dose,  31%  (15/48)  use  2 
doses,  27%  (13/48)  use  3  doses,  and  29%  (14/48)  use  4 
doses.  All  of  the  respondents  (50/50)  who  use  corticoste- 
roids would  use  dexamethasone  for  airway  edema  prophy- 
laxis. Overall,  46%  (26/56)  of  all  respondents  check  for  air 
leak,  administer  steroids,  and  delay  extubation,  whereas 
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1  Do  you  routinely  check  for  an  air  leak  around  the 
endotracheal  tube  before  extubation?  (yes  or  no) 

2  If  you  check  for  an  air  leak  before  extubation,  what  level 
would  you  consider  safe  for  extubation? 

a)  <  20  cm  H.O  c)  <  40  cm  H2O 

b)  <  30  cm  H2O  d)  Do  not  check  air  leak 

3  Do  you  routinely  use  steroids  for  airway  edema 
prophylaxis  before  extubation?  (yes  or  no) 

4.  How  long  would  you  delay  extubation  if  steroids  were 
started  for  an  abnormal  air  leak  test? 
a)  No  delay  d)  12-24  hours 

b)<6hours  e)  >  24  hours 

c)  6-12  hours  f)  Do  not  use  steroids 

5  If  you  use  steroids  for  airway  edema  prophylaxis  before 
extubation,  at  what  air  leak  level  would  you  start  them? 

a)  Give  regardless  of  air  d)  >  30  cm  H2O 

leak  level  e)  >  35  cm  HjO 

b)  >  20  cm  H2O  f)  >  40  cm  HjO 

c)  >  25  cm  H2O  g)  Do  not  use  steroids 


If  you  use  steroids  for  airway  edema  prophylaxis  before 
extubation,  do  you  start  them  regardless  of  air  leak 
levels  in  certain  ages''  (more  than  one  answer  possible) 

1.  <  1  year  5. 1  use  steroids,  but  age  is 

2.  1-5  years  not  a  factor 

3  5-10  years  6.  Do  not  use  steroids 

4.  >  10  years 


7.  How  many  doses  of  steroids  would  you  give  for  airway 
edema  prophylaxis  before  extubation? 

a)  1  dose  d) 4  doses 

b)  2  doses  e)  Do  not  use  steroids 
c) 3  doses 

8  If  you  use  steroids  for  airway  edema  prophylaxis  before 
extubation,  which  one  do  you  use? 

a)  Dexamethasone  d)  Other  (please  name) 

b)  Methylprednisone  e)  Do  not  use  steroids 

c)  Hydrocortisone 

9.  In  your  opinion,  do  steroids  reduce  the  risk  of  post- 
extubation  stridor?  (yes  or  no) 

10.  In  your  opinion,  do  steroids  reduce  the  risk  of 
extubation  failure  (re-intubation)  pertaining  to  airway 
edema?  (yes  or  no) 

1 1.  Do  you  routinely  use  steroids  for  airway  edema 
prophylaxis  before  extubation  if  a  patient  was  intubated 
for  viral  croup?  (yes  or  no) 

12.  Do  you  routinely  use  steroids  for  airway  edema 
prophylaxis  before  extubation  if  a  patient  has  had  upper 
airway  and/or  tracheal  reconstructive  surgery?  (yes  or 
no) 

13.  If  no  air  leak  is  noted  and  the  patient  is  not  ready  for 
extubation,  do  you  electively  change  the  endotracheal 
tube  to  a  smaller  size?  (yes  or  no) 

14.  Do  you  use  cuffed  endotracheal  tubes  in  children  less 
than  7  years  old?  (yes  or  no) 


Fig.  1 .  Survey  questionnaire. 


only  20%  (11/56)  do  not  check  for  air  leak,  administer 
steroids,  or  delay  extubation  (Figure  2). 

Eighty  percent  (44/55)  and  78%  (43/55)  of  all  the  respon- 
dents consider  steroids  effective  in  preventing  post-extuba- 
tion  stridor  and  extubation  failure,  respectively.  Seventy-two 
percent  (42/58)  use  corticosteroids  prophylactically  for  chil- 
dren intubated  due  to  viral  croup,  and  74%  (43/58)  use  cor- 
ticosteroids for  patients  intubated  after  airway  surgery. 

Forty-two  percent  (24/57)  of  all  the  respondents  would 
down-size  the  ETT  in  the  absence  of  an  air  leak  in  intu- 
bated patients  not  ready  for  extubation,  and  74%  (43/58) 
use  cuffed  ETTs  in  children  <  7  years  of  age. 

Discussion 

The  majority  of  the  responding  pediatric  critical  care 
fellowship  directors  check  for  air  leak  and  use  steroids  to 
prevent  post-exlubation  stridor  and  extubation  failure.  At 


an  air  leak  >  30  cm  H2O.  most  respondents  would  delay 
extubation  and  use  steroids.  Almost  half  of  our  respon- 
dents also  would  down-size  the  ETT  in  the  absence  of  an 
air  leak  in  patients  not  ready  for  extubation.  and  74%  use 
cuffed  ETTs  in  children  <  7  years  old. 

Post-extubation  laryngeal  edema  can  cause  upper  air- 
way obstruction.'  '  In  adults  the  air  leak  test  is  equivocal 
as  a  predictor  of  post-extubation  stridor  or  airway  obstruc- 
tion.'*'''-23  In  children  the  air  leak  test  has  been  predictive 
of  post-extubation  outcome  in  patients  with  viral  croup  or 
after  tracheal  surgery."'-  In  children  intubated  for  acute 
viral  croup  an  air  leak  pressure  <  40  cm  H^O  successfully 
predicted  extubation  outcome. ' '  An  air  leak  level  ^  20  cm 
HiO  predicted  successful  extubation  following  tracheal 
surgery  (sensitivity  100%),  whereas  a  level  >  30  cm  H^O 
predicted  extubation  failure.'-  In  their  study  of  pediatric 
trauma  patients.  Kemper  et  al  advocated  the  30  cm  H^O 
cutoff  level.  In  that  study,  air  leak  levels  >  30  cm  14,0 
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^  Check  Air  Leak'' 


No 
24%  (14/58) 


Delay  extubation  >  6  hrs' 

/    \ 


Yes 


No 


t 

Steroids  Steroids 

Yes"  No' 

15%(2/13)  85%(11/13) 


Yes 

76%  (44/58) 

i 

Abnonnal  Test 

I         . 

Dela>'  extubation  >  6  hrs 

/  \ 

Yes  No 

60%  (26/43)  40%  (17/43) 

\  t 

Steroids  Steroids 

(       /\ 

Yes"  Yes'  No' 

60%  (26/43)         21%  (9/43)      19%  (8/43) 

Fig.  2.  Steroid  use  based  on  air  leak  test  results.  'One  physician  in 
the  group  that  checks  for  air  leak  had  an  incomplete  response  to 
this  question,  t  One  physician  in  the  group  that  does  not  check  for 
air  leak  had  an  incomplete  response  to  this  question,  t  Sixty  per- 
cent (26/43)  of  the  physicians  who  use  steroids  and  check  for  air 
leak  delay  extubation.  versus  15%  (2/13)  of  the  physicians  who 
use  steroids  and  do  not  check  for  air  leak  (p=  0.01).  §  Seventy-six 
percent  (28/37)  of  the  physicians  who  use  steroids  delay  extuba- 
tion, whereas  none  (0/19)  of  the  physicians  who  do  not  use  ste- 
roids delay  extubation  (p  <  0.001). 


were  associated  with  airway  edema  serious  enough  to  cre- 
ate post-extubation  stridor  (sensitivity  100%).'"'  Respon- 
dents to  our  survey  use  air  leak  pressures  of  20  cm  H^O 
and  30  cm  H^O  as  criteria  for  extubation.  regardless  of  the 
underlying  pathology.  However,  in  our  questionnaire  we 
used  only  20  cm  H^O  and  30  cm  H^O  as  cutoff  points,  so 
we  may  have  missed  the  opinions  of  those  who  use  other 
values  such  as  25  or  35  cm  HiO. 

Dexamethasone  has  been  shown  by  several  investiga- 
tors to  be  beneficial  in  reducing  stridor  from  infectious 
croup. -■*-^  It  is  controversial  whether  dexamethasone  is 
effective  in  preventing  post-extubation  complications  due 
to  airway  edema.  "-'^  However,  the  majority  of  our  re- 
spondents reported  that  corticosteroids  are  effective  in  re- 
ducing the  incidence  of  post-extubation  stridor  and  extu- 
bation failure  secondary  to  airway  edema. 

Previous  studies  indicated  that  2  doses  of  dexametha- 
sone (taken  6  hours  apart)  decreases  the  incidence  of  post- 
extubation  airway  obstruction  in  pre-term  infants.""  In  chil- 


Table  I .      Percentage  of  Physicians  Who  Would  Delay  Extubation  in 
Order  to  Use  Steroids 


Table  2.       Percentage  of  Physicians  Who  Would  Use  Steroids  Ba.sed 
on  Air  Leak  Values* 


Delay  (h) 


%  Physicians 


No  Delay 

<6 

6-12 

12-24 
>24 


17(8/46) 
1 1  (5/46) 
15  (7/46) 
33(15/46) 
24(11/46) 


Air  Leak  Value 
(cm  H,0) 


%  Reply 


Cumulative 
% 


a  20 
£25 
>30 
£35 
s40 


25(6/24) 

17(4/24) 

50(12/24) 

4(1/24) 

4(1/24) 


25  (6/24) 
42(10/24) 
92  (22/24) 
96  (23/24) 
100(24/24) 


*Nine  physicians  use  steroids  regardless  of  liic  air  leak  value 


dren,  however,  studies  using  6  doses  of  dexamethasone 
(taken  1  dose  every  6  hours)  to  prevent  airway  obstruction 
and  post-extubation  stridor  have  yielded  conflicting  re- 
sults." Most  of  our  respondents  give  2  or  more  doses  of 
steroids  prior  to  extubation,  regardless  of  the  patient's  age. 
In  our  questionnaire  we  did  not  ask  about  the  dose  (in 
mg/kg)  of  steroids  used  to  prevent  post-extubation  com- 
plications. It  would  be  of  interest  to  know  if  all  partici- 
pants use  the  same  dose  of  dexamethasone. 

The  use  of  a  large-diameter-for-age  ETT  may  lead  to  an 
abnormal  air  leak  test  and  airway  edema.-''  Our  respon- 
dents had  different  answers  regarding  the  management  of 
patients  with  large-diameter-for-age  ETTs  and  absence  of 
an  air  leak.  Less  than  half  would  consider  down-sizing  the 
ETT  in  hopes  of  reducing  airway  edema. 

The  use  of  cuffed  ETTs  in  children  <  7  years  of  age  is 
controversial-"  because  it  is  believed  that  the  normal  nar- 
rowing of  the  cricoid  cartilage  provides  a  natural  cuff,  and 
a  cuffed  ETT  may  cause  subglottic  edema  and  stenosis. 2' 
The  majority  of  our  respondents  use  cuffed  ETTs  in  young 
children,  which  is  consistent  with  the  recommendations  of 
Deakers  et  al,  who  have  shown  the  safety  of  cuffed  ETTs 
in  young  children.^" 

A  potential  limitation  to  our  study  is  that  we  only  sur- 
veyed pediatric  critical  care  fellowship  program  directors. 
That  cohort  was  chosen  because  it  may  represent  the  opin- 
ions of  academic  physicians  in  various  teaching  hospitals 
and  may  reflect  the  common  practice  and  teaching  that  is 
passed  on  to  pediatric  critical  care  fellows  in  training.  It  is 
quite  possible  that  the  practice  of  other  members  of  the 
academic  group  and  physicians  in  private  practice  is  dif- 
ferent from  the  fellowship  directors"  opinions.  Hence,  the 
views  of  only  58  pediatric  critical  care  fellowship  directors 
may  not  fully  represent  the  practice  of  the  pediatric  critical 
care  community.  However,  our  study  was  strengthened  by 
an  85%  response  rate.  By  surveying  all  the  centers  with 
fellowship  programs  in  both  the  United  States  and  Canada, 
and  by  surveying  only  fellowship  directors,  we  reduced 
the  risk  of  having  the  clinical  practice  of  one  center  over- 
represented  in  this  survey. 
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Additionally,  this  study  was  a  survey  and  it  is  subject  to 
a  bias  imposed  by  the  questionnaire  choices.  The  survey 
did  not  include  open-ended  questions.  The  purpose  of  our 
study  was  not  to  determine  the  utility  of  the  air  leak  test  or 
use  of  steroids  but  to  determine  the  common  practices  of 
pediatric  critical  care  physicians.  The  information  gener- 
ated from  this  survey  highlights  the  need  for  future  studies 
to  evaluate  the  utility  of  the  air  leak  test  and  corticoste- 
roids to  prevent  post-extubation  stridor  and  failure. 

Conclusions 

Our  study  shows  that  the  majority  of  pediatric  critical 
care  fellowship  directors  check  for  air  leak  and  use  ste- 
roids prior  to  extubation  in  order  to  prevent  post-extuba- 
tion stridor  and  extubation  failure.  Most  of  the  pediatric 
critical  care  fellowship  directors  delay  extubation  if  the  air 
leak  is  s  30  cm  H^O.  and  the  majority  also  delay  extu- 
bation in  order  to  administer  2  or  more  doses  of  steroids. 
Additional  studies  are  needed  to  ascertain  which  patients 
are  at  risk  for  airway  edema  and  to  evaluate  treatment 
strategies  that  may  reduce  post-extubation  stridor  and  the 
need  for  reintubation. 
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Imposed  Work  of  Breathing  During  Ventilator  Failure 

Paul  N  Austin  CRNA  PhD  Lt  Col  USAF  NC.  Robert  S  Campbell  RRT  FAARC, 
Jay  A  Johannigman  MD,  and  Richard  D  Branson  RRT  FAARC 


INTRODUCTION:  Ventilators  possess  an  anti-asphyxia  valve  that  allows  spontaneous  breathing  of 
ambient  air  during  ventilator  failure.  This  study  examined  the  imposed  work  of  breathing  and 
pressure-time  product  of  8  critical  care  and  9  portable  ventilators,  using  a  laboratory  simulation  of 
spontaneous  breathing  during  ventilator  failure.  METHODS:  A  test  lung  was  modified  to  simulate 
spontaneous  breathing  with  a  tidal  volume  of  0.5  L  and  peak  inspiratory  flow  of  60  L/min.  A 
pneumotachograph  and  pressure  tap  were  placed  at  the  proximal  airway  between  the  breathing 
circuit  and  endotracheal  tube.  Flow  was  derived  from  the  pressure  drop  across  the  pneumotacho- 
graph. Signals  were  amplified,  integrated,  and  saved  to  a  spreadsheet  program,  and  imposed  work 
of  breathing  and  pressure-time  product  were  calculated.  Also  measured  were  the  inspiratory  pres- 
sure required  to  open  the  anti-asphyxia  valve  (cracking  pressure),  time  to  cracking  pressure, 
maximum  negative  inspiratory  pressure,  and  time  to  maximum  negative  inspiratory  pressure. 
RESULTS:  For  the  critical  care  ventilators  the  mean  ±  SD  imposed  work  of  breathing  ranged  from 
213.07  ±  3.53  to  890.63  ±  0.88  mj/l>  and  the  pressure-time  product  ranged  from  2.67  ±  0.01  to 
13.37  ±  0.01  cm  HjO  •  s/L.  For  the  portable  ventilators  the  mean  ±  SD  imposed  work  of  breathing 
ranged  from  361.37  ±  1.22  to  969.60  ±  22.70  mJ/L  and  the  pressure-time  product  ranged  from 
4.52  ±  0.01  to  16.70  ±  0.37  cm  H,0  ■  s/L.  CONCLUSIONS:  Spontaneous  breathing  during  ven- 
tilator failure  may  impose  work  approximating  the  physiologic  work  of  breathing.  This  imposed 
work  may  prevent  effective  breathing  through  the  anti-asphyxia  valve  during  mechanical  ventilator 
failure  due  to  electrical  failure.  These  results  reinforce  the  need  to  properly  monitor  mechanically 
ventilated  patients  and  to  have  in  place  sufficient  back-up  power  supplies  and  a  method  of  manual 
ventilation.  Kex  words:  imposed  work  of  breathing,  ventilator  failure,  anti-asphyxia  valve,  pressure-time 
product,  ventilator,  test  lung,  cracking  pressure,  electrical  failure.     [Respir  Care  2002;47(6):667-674] 


Introduction 

Minimizing  the  imposed  work  of  breathing  fWOB,)  is  a 
principal  goal  of  mechanical  ventilation  as  well  as  of  me- 
chanical ventilator  design.  Numerous  investigators  have 
evaluated  the  WOB,  characteristics  of  ventilators  during 
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simulated  spontaneous  breathing.'"  During  our  previous 
evaluation  of  ventilator  operation  we  noted  significant  dif- 
ferences in  WOB,  characteristics  of  ventilators  following 
power  failure.^  "  Ventilators  designed  for  transport  and 
home  care  and.  more  recently,  critical  care  ventilators,  are 
equipped  with  battery  back-up  to  continue  operation  in  the 
event  of  power  failure.  Additionally,  American  Society  of 
Testing  and  Materials  standards  (ASTM  standards  Fl  100 
and  F1246)'-"  require  ventilators  to  incorporate  a  me- 
chanical safety  valve,  often  referred  to  as  an  anti-asphy.xia 


The  \ lews  expressed  herein  are  those  of  the  authors  and  do  not  reflect 
the  official  policy  or  position  of  the  Uniformed  Services  University 
of  the  Health  Sciences.  United  States  Air  Force.  Department  of  Defense, 
or  the  United  States  Government. 

Correspondence:  Paul  N  Au.stin  CRNA  PhD  l.l  Col  USAF  NC.  Depart- 
ment of  Nurse  Anesthesia.  Graduate  School  of  Nursing.  Uniformed  Ser- 
vices University  of  the  Health  Sciences,  1335  East- West  Highway.  Suite 
9-700.  Silver  Spring  MD  20910.  E-mail:  paustin@usuhs.mil. 


Respiratory  Care  •  June  2002  Vol  47  No  6 


667 


Imposed  Work  of  Breathing  During  Ventilator  Failure 


valve,  that  allows  spontaneous  breathing  from  ambient  air 
in  the  e\ent  of  power  (electric  or  compressed  gas)  failure. 
Though  failure  of  mechanical  ventilators  is  rare,  at  least 
one  case  of  ventilator  malfunction  during  power  failure 
has  been  described.'''  '"' 

Given  the  variety  of  environments  in  which  ventilators 
are  used  and  the  possibility  of  power  loss,  we  conducted  a 
bench  study  to  evaluate  WOB  imposed  by  anti-asphyxia 
valves  in  both  portable  and  critical  care  ventilators. 

Alarms  should  indicate  ventilator  failure,  and  ventilator 
failure  should  be  immediately  detected  in  a  critical  care 
setting.  However,  it  is  not  inconceivable  that  a  substantial 
period  of  time  could  elapse  between  ventilator  failure  and 
detection  in  a  subacute  or  home  setting.  Thus,  patients  in 
those  settings  may  be  required  to  breathe  via  the  anti- 
asphyxia  valve  for  several  minutes,  and  it  is  important  that 
the  WOB,  be  easily  tolerated  by  the  ventilator-dependent 
patient. 


Methods 


Experimental  Setup 


Spontaneous  breathing  was  simulated  using  a  model 
similar  to  that  described  by  Op't  Holt  et  al.'*  A  2-cham- 
bered  test  lung  (TTL.  Michigan  Instruments,  Grand  Rap- 
ids, Michigan)  was  modified  to  allow  simulation  of  spon- 
taneous breathing.  One  chamber  (the  driving  chamber) 
was  attached  to  a  ventilator  (Evita  4.  Drager  Medical, 
Telford,  Pennsylvania).  The  ventilator  to  be  tested  was 
attached  to  the  other  chamber  ( the  test  chamber).  The  breath- 
ing gas  was  not  humidified.  A  metal  lift  bar  was  attached 
to  the  driving  chamber  so  that,  when  ventilated,  the  driv- 
ing chamber  lifted  the  test  chamber,  creating  sub-atmo- 
spheric pressure  in  the  test  chamber. 

Compliance  of  both  chambers  was  set  at  0.05  L/cm 
HjO.  A  5  cm  HiO/L/s  parabolic  resister  (TTL,  Michigan 
Instruments.  Grand  Rapids.  Michigan)  was  placed  between 
the  test  chamber  and  the  pneumotachograph  (Fleisch  pneu- 
motachograph, Hans  Rudolph,  Kansas  City,  Missouri).  The 
driving  ventilator  simulated  spontaneous  breathing  at  12 
breaths/min,  using  a  constant  flow  pattern,  tidal  volume 
( V, )  of  0.5  L,  and  peak  inspiratory  flow  of  60  L/min.  An 
uncut.  8.0  mm  internal  diameter  endotracheal  mbe  (Nellcor 
&  Puritan- BennettvTyci)  Healthcare,  St  Louis,  Missouri)  was 
interposed  between  the  ventilator  and  the  test  lung. 

Measurements 

The  pneumotachograph  and  pressure  tap  were  placed  at 
the  proximal  airway,  between  the  ventilator  circuit  and 
endotracheal  tube.  Flow  was  derived  from  the  pressure 
drop  across  the  pneumotachograph.  Signals  were  ampli- 
fied and  integrated  with  a  laptop  computer  and  commer- 


cially available  software  (Lab View,  National  Instruments, 
Austin,  Texas)  and  saved  to  a  spreadsheet  (Excel,  Mi- 
crosoft, Redmond.  Washington).  Data  were  acquired  at  a 
frequency  of  100  Hz.  A  calibrated  super-syringe  and  U- 
tube  manometer  were  used  to  calibrate  the  pneumotacho- 
graph and  pressure  transducer,  respectively,  across  the 
range  of  measurement. 

WOB,  (in  mJ/L)  was  calculated  as  the  area  subtended 
by  the  pressure-volume  curve.'"'  Imposed  pressure-time 
product  (PTP,  in  cm  H^O  •  s/L),  a  gauge  of  metabolic 
work  performed  by  the  respiratory  muscles,  was  calculated 
as  the  average  airway  pressure  multiplied  by  the  integrated 
inspiratory  time.-"  Cracking  pressure  (which  is  the  term 
used  in  ASTM  standard  FI246-91 )  is  the  inspiratory  pres- 
sure required  to  open  the  anti-asphyxia  valve,  and  for  this 
study  cracking  pressure  was  defined  as  the  airway  pressure 
(in  cm  HiO)  when  an  inspiratory  volume  of  10  mL  was 
measured  by  the  pneumotachograph.  The  value  10  mL  was 
selected  because  it  is  easily  measurable  and,  based  on 
preliminary  work,  the  anti-asphyxia  valve  opens  when  10 
mL  is  measured  by  the  pneumotachograph.  Time  to  crack- 
ing pressure  was  defined  as  the  time  (in  ms)  elapsed  be- 
tween the  moment  when  airway  pressure  decreased  from 
baseline  to  the  moment  when  cracking  pressure  was  at- 
tained. The  maximum  inspiratory  pressure  (Pimax)  was  de- 
fined as  the  most  negative  pressure  during  inspiration. 
Time  to  Pin,^^  was  defined  as  the  time  (in  ms)  elapsed 
between  the  moment  when  airway  pressure  decreased  from 
baseline  and  the  moment  of  most  negative  pressure  during 
inspiration. 

The  ventilators  were  selected  based  on  their  availability 
and  use  in  critical  care,  transport,  subacute,  and  home  care 
settings.  The  ventilators  tested  were: 

•  Evita  4  and  Oxylog  2000  (Drager  Medical,  Telford, 
Pennsylvania) 

•  8400st,  Avian,  and  Third  (VIASYS  Healthcare/Bird 
Products,  Palm  Springs,  California) 

•  7200ae,  Achieva,  and  LP  10  (Nellcor  &  Puritan-Ben- 
nett/Tyco Healthcare,  St  Louis.  Missouri) 

•  Amadeus,  Galileo,  and  Veolar  (Hamilton  Medical, 
Reno,  Nevada) 

•  Univent  750  and  Univent  754  (Impact  Instrumenta- 
tion, West  Caldwell,  New  Jersey) 

•  HT  50  (Newport  Medical  Instruments,  Newport  Beach, 
California) 

•  LTV  1000  (Pulmonetic  Systems,  Colton.  California) 

•  Siemens  300  (Siemens  Medical  Systems,  Danvers, 
Massachusetts) 

Each  ventilator  was  calibrated  according  to  the  manu- 
facturer's specifications  prior  to  each  test.  For  the  critical 
care  ventilators  the  same  72-inch  corrugated  parallel-limb 
breathing  circuit  (Hudson  RCl,  Temecula,  California)  was 
used  with  each  ventilator.  The  supplied  or  recommended 
breathing  circuit  was  used  with  the  portable  ventilators. 
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Table  1. 


Imposhd  Work  of  Brf.athing  During  Ventilator  Failure 


Cracking  Pressure.  Time  to  Cracking  Pressure.  Maximum  Negative  Inspiratory  Pressure,  and  Time  to  Maximum  Negative  Inspiratory 
Pressure  During  Simulated  Spontaneous  Breathing*  with  Failure  of  8  Critical  Care  Ventilators 


Cracking 

Time  to 

Maximum  Negative 

Time  to  Maximum 

Ventilator  or 

Endotracheal  Tube 

Pressure 

Cracking 

Inspiratory  Pressure 

Negative  Inspiratory 

(cm  H,0) 

Pressure  (ms) 

(cm  H,0) 

Pressure  (ms) 

8.0  mm  ID  endotracheal  tube  only 

-0.04  ±  0 

40  ±0 

-0.06  ±  0 

270  ±0 

2-limb  circuit  and  8.0 

mm 

ID 

-0.53  ±  0 

80  ±0 

-0.79  ±  0 

320  ±  0 

endotrachea 

I  lube  or 

ilv 

7200ae 

-1.36  ±0.02 

90  ±  4.47 

-2.82  ±  0.02 

435  ±  38.34 

8400st 

-2.19  ±0.03 

100  ±  4.47 

-5.83  ±  0.03 

466  ±21.91 

Amadeus 

-5.90  ±  0.03 

130  ±5.47 

-7.46  ±  0.04 

444  ±21.91 

Evita  4 

-1.70  ±0.02 

100  ±  5.47 

-4.70  ±  0.03 

412  ±  43.82 

Galileo 

-2.43  ±  0.03 

100  ±  4.47 

-7.22  ±  0.02 

458  ±  7.55 

Siemens  300 

-I.4I  ±0.02 

100  ±  4.47 

-3.37  ±  0.02 

466  ±21.91 

Third 

-2.84  ±  0.02 

100  ±  4.47 

-13.77  ±0.02 

406  ±  5.48 

Veolar 

-2.53  ±  0.02 

100  ±  4.47 

-5.35  ±  0.02 

410  ±  27.39 

"Tidal  volume  05  L.  peak  inspiratory  flow  1  L/s.  respiratory  rale  12  brealhs/min. 
ID  =  inlemal  dianictcr. 
Valuer  ore  mean  *  SD. 


Each  ventilator  was  attached  to  the  lung  simulator  with  the 
power  switch  in  the  o/f' position  and  was  not  connected  to 
a  compressed  gas  source. 

Data  were  collected  for  5  breaths  at  each  study  condi- 
tion and  the  means  and  standard  deviations  were  calcu- 
lated. Further  statistical  analysis  was  not  conducted  be- 
cause there  was  little  variance  in  the  measured  values. 

Results 

Tables  1  and  2  show  the  results  for  cracking  pressure, 
Pin,j^.  and  times  to  cracking  pressure  and  P|,„ax-  Tables  3 
and  4  show  the  results  for  WOB,  and  PTP,.  Figures  1  and 


2  show  the  pressure- volume  curves  for  the  critical  care  and 
portable  ventilators,  respectively. 

For  the  critical  care  ventilators  the  least  negative  crack- 
ing pressure  (-1.36  cm  H^O)  was  with  the  7200ae.  The 
most  negative  cracking  pressure  (-5.90  cm  H^O)  was  with 
the  Amadeus.  The  times  to  cracking  pressure  were  similar 
among  the  critical  care  ventilators,  ranging  from  90  ms 
(7200ae)  to  130  ms  (Amadeus).  The  least  negative  Pin,^^ 
(-2.82  cm  H^O)  was  with  the  7200ae.  The  most  negative 
Pimax  (-13.77  cm  HoO)  was  with  the  Third. 

Like  the  times  to  cracking  pressure,  the  times  to  P,,„ax 
were  similar  among  the  critical  care  ventilators,  ranging 


Table  2.      Cracking  Pressure.  Time  to  Cracking  Pressure.  Maximum  Negative  Inspiratory  Pressure,  and  Time  to  Maximum  Negative  Inspiratory 
Pressure  During  Simulated  Spontaneous  Breathing*  with  Failure  of  9  Portable  Ventilators 


Cracking 

Time  to 

Maximum  Negative 

Time  to  Maximum 

Ventilator  or 

Endotracheal  Tube 

Pressure 

Cracking 

Inspiratory  Pressure 

Negative  Inspiratory 

(cm  HjO) 

Pressure  (ms) 

(cm  HjO) 

Pressure  (ms) 

8.0  mm  ID  endotracheal  tube  only 

-0.04  ±  0 

40  ±0 

-0.06  ±  0.03 

270  ±0 

Generic  single 

-limb 

circuit 

-0.76  ±  0 

110±0 

-1.31  ±0 

330  ±0 

Achieva 

-1.78  ±0.02 

110±0 

-5.38  ±  0.03 

466  ±  13.42 

•Avian 

-3.41  ±  0.03 

110  ±5.48 

-9.13  ±0.02 

456  ±  17.89 

HT50 

-2.58  ±  0.02 

124  ±  19.49 

-6.04  ±  0.08 

440  ±  5.48 

LP  10 

-1.99  ±0.02 

1 16  ±5.48 

-5.61  ±0 

478  ±  10.95 

LTV  1000 

-1.55  ±0.03 

78  ±  4.47 

-4.83  ±  0 

454  ±  5.48 

Oxylog  2000 

-9.56  ±  0.04 

168  ±  8.37 

-17.05  ±0.06 

378  ±  16.43 

Third 

-2.84  ±  0.02 

100  ±  4.47 

-13.77  ±0.02 

406  ±  5.48 

Univent  750 

-5.17  ±0.03 

146  ±  5.48 

-11.73  ±0.04 

408  ±  4.47 

Univent  754 

-4.19  ±  0.03 

108  ±  4.47 

-9.89  ±  0.06 

416  ±8.94 

•Tidal  volume  0?  L,  peak  inspiratory  flow  1  L/s.  respiratory  rate  12  breath.s/min. 
ID  =  internal  diameter 
Values  arc  mean  ±  SD. 
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Table  3.       Imposed  Work  of  Breathing,  and  Imposed  Pressure-Time 
ProducI  Dunng  Simulated  Spontaneous  Breathing*  with 
Failure  of  8  Critical  Care  Ventilators 


Imposed  Work 

of  Breathing 

(mJ/L) 


Imposed 
Pressure-Time 

Product 
(cm  HjO  •  s/L) 


8.0  mm  ID  endotracheal  tube  only       44.96  ±  0.14 


2-limb  circuit  and  8.0  mm  ID 

endotracheal  tube  only 
7200ae 
8400st 
Amadeus 
Evita  4 
Galileo 
Siemens  300 
Tbird 
Veolar 


59.36  ±  0.36 

213.07  ±  3.53 
436.76  ±  2.23 
589.69  ±  2.71 
341.89  ±  2.26 
526.59  ±  1.66 
249.76  ±  0.62 

890.63  ±  0.88 

416.64  ±  0.40 


0.81  ±  0.01 
0.94  ±  0.02 

2.67  ±  0.01 
5.50  ±  0.03 
7.42  ±  0.70 
4.14  ±  0.02 
6.70  ±  0.02 
3.13  ±0.02 
13.37  ±  0.01 
5.18  ±0.01 


•Tidal  volume  0,5  L.  peak  inspiratory  now  1  L/s.  respiratory  rate  12  breaths/nun. 
ID  =  internal  diameter. 
Values  are  mean  ±  SD- 


from  406  ms  with  the  Tbird  to  466  ms  with  the  8400st  and 
Siemens  300.  The  lowest  WOB,  (213.07  mJ/L)  and  PTP, 
(2.67  cm  H.O  •  s/L)  were  with  the  7200ae.  The  highest 
WOB,  (890.63  mJ/L)  and  PTP,  (13.37,  cm  H.O  •  s/L)  were 
with  the  Tbird. 

There  was  an  even  wider  range  of  measured  values  with 
the  portable  ventilators.  Among  the  portable  ventilators 
the  least  negative  cracking  pressure  (-1.55  cm  HiO)  and 
time  to  cracking  pressure  (78  ms)  were  with  the  LTV 
1 000.  The  most  negative  cracking  pressure  (-9.36  cm  HjO) 
and  time  to  cracking  pressure  (168  ms)  were  with  the 


Oxylog  2000.  The  least  negative  P,^^,  (-4.83  cm  H,0) 
was  with  the  LTV  1000.  The  most  negative  P,^^^  (-17.05 
cm  HjO)  was  with  the  Oxylog  2000.  The  shortest  time  to 
P,n,^^  (378  ms)  was  with  the  Oxylog  2000.  The  longest 
time  to  Pimax  (478  ms)  was  with  the  LP  10.  The  lowest 
WOB,  (361.37  mJ/L)  and  PTP,  (4.52  cm  HjO  •  s/L)  were 
with  the  LTV  1000.  The  highest  WOB,  (969.60  mJ/L)  and 
PTP,  (16.70  cm  HjO  •  s/L)  were  with  the  Oxylog  2000. 


Discussion 

Our  data  indicate  large  differences  in  the  measured  val- 
ues between  the  ventilators  and  between  the  groups  of 
ventilators.  For  the  critical  care  ventilators,  based  on  the 
cracking  pressure,  Pi^ax'  ^^^  times  to  those  pressures,  it  is 
not  surprising  that  the  lowest  WOB,  (213.07  mJ/L)  and 
PTP,  (2.67  cm  H,0  •  s/L)  were  with  the  7200ae  and  that 
the  highest  WOB,  (890.63  mJ/L)  and  PTP,  (13.37  cm 
HjO  •  s/L)  were  with  the  Tbird.  Among  the  portable  ven- 
tilators the  cracking  pressure,  P,^,;,^,  and  times  to  those 
pressures  are  congruent  with  the  results  that  the  lowest 
WOB,  (361.37  mJ/L)  and  PTP,  (4.52  cm  H.O  ■  s/L)  were 
measured  with  the  LTV  1000.  and  the  highest  WOB, 
(969.60  mJ/L)  and  PTP,  (16.70  cm  H.O  •  s/L)  were  mea- 
sured with  the  Oxylog  2000. 

The  pressure-volume  loops  suggest  that  the  anti-asphyxia 
valves  on  some  of  the  critical  care  ventilators  operate  in  a 
similar  fashion  (7200ae  and  Siemens  300.  and  8400st  and 
Veolar).  In  addition,  the  pressure-volume  loops  suggest 
that  the  anti-asphyxia  valves  in  ventilators  such  as  the 
7200ae  and  Siemens  300  open  at  lower  cracking  pressures 
and  have  lower  resistance  to  flow,  allowing  for  lower  Pin,^^, 


Table  4.      Imposed  Work  of  Breathing,  and  Imposed  Pressure-Time  Product  During  Simulated  Spontaneous  Breathing*  with  Failure  of  9  Portable 
Ventilators 


Imposed  Work  of 
Breathing  (mJ/L) 


Imposed  Pressure-Time 
Product  (cm  H,0  •  s/L) 


8.0  mm  ID  endotracheal  tube  only 

Generic  single-limb  circuit  and  8.0  mm  ID  endotracheal  tube  only 

Achieva 

Avian 

HT50 

LP  10 

LTV  1000 

Oxylog  2000 

Tbird 

Univem  750 

Univent  754 


44.96: 
96.59  : 
388.02  : 
644.14  : 
447.00: 
403.98  : 
361.37  : 
969.60  : 
890.63  : 
782.84  : 
719.22  : 


0.14 
0.03 
0.77 
56.30 
3.27 
0.48 
1.22 
22.70 
0.88 
:  1.53 
1.97 


0.81  : 

1.32: 

4.72  : 

8.50: 

5.63: 

4.92  : 

4.52  : 

16.70  : 

13.37  : 

11.04: 

9.57  : 


O.OI 
:0.01 
0.01 
0.74 
0.05 
0.01 
0.01 
0.37 
0.01 
0.02 
0.01 


•Tidal  volume  0.5  L.  peak  inspiralory  flow  1  L/s,  respiratory  rate  12  brealhs/min, 
ID  =  internal  diameter. 
Values  are  mean  t  SD. 
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o.s 


1 

Tbird 

2 

Amadeus 

3 

Galileo 

4 

84008t 

5 

Veolar 

6 

Evita4 

7 

Siemens  300 

8 

7200ae 

9 

Two-limb  circuit  and 

8.0  mm  ID  ET 

10  8.0  mm  ID  ET  only 

Pressure  (cm  H2O) 

Fig.  1.  Pressure-volume  loops  from  simulated  spontaneous  breathing  (tidal  volume  0.5  L,  peak  inspiratory  flow  1  Us,  rate  12  breaths/min) 
during  failure  of  8  critical  care  ventilators.  See  text  for  descriptions  and  manufacturers  of  ventilators.  ID  =  internal  diameter.  ET  = 
endotracheal  tube. 


1 

Oxylog  2000 

2 

Tbird 

3 

Univent  750 

4 

Univent  754 

5 

Avian 

6 

HT50 

7 

LP  10 

8 

Achieva 

9 

LTV  1000 

10  Single  limb  circuit 

and  8.0  mm  ID  ET 

11  8.0  mm  ID  ET 

only 

-3  2 

Pressure  (cm  HjO) 

Fig.  2.  Pressure-volume  loops  from  simulated  spontaneous  breathing  (tidal  volume  0.5  L.  peak  inspiratory  flow  1  Us,  rate  12  breaths/min) 
during  failure  of  9  portable  ventilators.  See  text  for  descriptions  and  manufacturers  of  ventilators.  ID  =  intemal  diameter.  ET  =  endotracheal  tube. 


WOB|,  and  FTP,.  Ventilators  such  as  the  Tbird  have  anti- 
asphyxia  valves  that  open  at  lower  cracking  pressures  but 
create  more  resistance  to  flow,  resulting  in  a  higher  P|n,ax- 
WOB,.  and  PTP,.  The  anti-asphyxia  valve  in  the  Amadeus 
opened  at  a  higher  cracking  pressure  but  once  opened  had 
lower  resistance  to  flow,  resulting  in  a  lower  WOB,  and 
PTP,  than  the  Tbird. 


The  pressure-volume  loops  for  the  portable  ventilators 
suggest  that  the  anti-asphyxia  valves  on  the  HT  50,  LP  10, 
Achieva.  and  LTV  1000  operate  in  a  similar  fashion.  The 
pressure-volume  loops  also  suggest  that,  in  a  progressive 
manner,  the  anti-asphyxia  valves  on  the  Avian,  Univent 
754,  Univent  750,  Tbird,  and  Oxylog  2000  create  more 
resistance  to  flow,  resulting  in  greater  WOB,  and  PTP,. 
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Plastic  disk  occluding 

orifice  of  anti-asphyxia 

valve 


Plastic  disk  deformed  by 
negative  inspiratory 
pressure,  no  longer 

occluding  orifice  of  anti- 
asphyxia  valve 


Safety  valve  closed 


Safety  valve  opened  by  negative 
inspiratory  pressure 


Fig.  3.  Schematic  drawing  of  typical  anti-asphyxia  valve. 


The  WOB|  during  ventilator  failure  is  dependent  on  the 
design  of  the  anti-asphyxia  valve  and  pathway  of  the  am- 
bient air  entrained  through  the  valve,  as  governed  by  Poi- 
seuille's  law.-'  Though  with  some  ventilators  the  anti- 
asphyxia  valves  can  be  examined  without  disassembling 
the  ventilator,  many  require  disassembly  to  examine  the 
valve  as  well  as  the  gas  pathway. 

The  anti-asphyxia  valves  are  typically  simple  one-way 
valves,  which  are  (usually  plastic)  disks  that  normally  oc- 
clude an  orifice  on  the  ventilator's  inspiratory  limb.  When 
sufficient  negative  pressure  occurs  in  the  inspiratory  limb 
the  plastic  disk  deforms  and  allows  ambient  air  to  be  en- 
trained into  the  inspiratory  limb  (Fig.  3). 

The  initiation  of  air  flow  through  the  anti-asphyxia  valve 
is  determined  by  the  cracking  pressure  and  the  time  it 
takes  to  reach  the  cracking  pressure.'^  Air  tlow  through 
the  valve  is  also  determined  by  the  time  it  takes  the  valve 
to  fully  open  (reflected  by  the  time  to  P,m^x^  ^^'^  the  re- 
sistance across  the  fully  open  valve  (reflected  by  Pimax'- 
Figure  4  illustrates  the  different  surface  areas  of  the  inlet 
of  4  anti-asphyxia  valves. 

The  engineering  challenge  is  to  design  a  valve  that  does 
not  open  at  low  inspiratory  pressure,  because  that  would 
allov\  entiainment  of  ambient  air  into  the  oxygen-enriched 
breathing  mixture  and  thus  lower  the  fraction  of  inspired 
oxygen  (F[o,).  However,  if  the  resistance  across  the  open 
valve  is  too  great  or  the  valve  takes  a  long  time  to  open,  it 
will  impose  more  work,  resulting  in  patient  discomfort  and 
respiratory  muscle  fatigue. 

The  ASTM  standard  (F1246)  for  home  care  ventilators 
calls  for  the  cracking  pressure  of  unidirectional  anti-as- 
phyxia valves  to  be  no  less  than  3  and  no  greater  than  10 
cm  HnO.'-'  In  addition,  the  resistance  to  flow  across  the 
valve  is  not  to  exceed  10  cm  H^O  •  s/L  when  a  spontane- 
ous breath  is  generated  at  the  lowest  and  highest  recom- 
mended Vj.  The  ASTM  standard  (Fl  100)  for  critical  care 
ventilators  calls  for  a  unidirectional  inspiratory  relief  valve 


u, 


'2  '3   '<) 


'      l! 


II  'Z  '3 


Achieva 


Oxylog         TBird     Univent  754 


Fig.  4.  Inlets  of  antl-asphyxia  valves  from  various  ventilators  (units 
are  centimeters). 

that  opens  when  the  patient  inspires  spontaneously  and  the 
flow  of  inspiratory  gas  from  the  ventilator  is  inadequate. 
The  standard  also  calls  for  the  resistance  across  the  valve 
to  be  measured  at  a  constant  tlow  of  30  L/min.'- 

The  results  of  the  present  investigation  suggest  the  anti- 
asphyxia  valves  on  some  of  the  tested  ventilators  could 
open  prematurely  (ie.  below  3  cm  H^O)  under  the  test 
conditions.  Specifically,  all  of  the  critical  care  ventilators, 
except  for  the  Amadeus  and  some  of  the  portable  ventila- 
tors (Achieva,  HT  50,  LP  10,  LTV  1000.  and  Tbird).  could 
open  prematurely.  The  risk  from  premature  valve  opening 
is  reduced  F,q^  in  the  inspired  gas.  However,  if  the  venti- 
lator is  triggered  fast  enough  and  it  provides  sufficient 
inspiratory  flow  during  spontaneous  breathing,  the  anti- 
asphyxia  valve  should  not  open. 

Banner  et  al  suggest  that  WOB,  plus  physiologic  WOB 
make  up  the  total  WOB.--  Normal  physiologic  WOB  is 
reported  to  be  between  300  and  500  mJ/L.-'  All  the  critical 
care  ventilators  imposed  a  WOB  of  at  least  half  of  normal 
WOB,  except  for  the  7200ae  and  Siemens  300.  All  of  the 
portable  ventilators  imposed  a  WOB  of  at  least  half  of 
normal  WOB.  That  imposed  work  may  lead  to  patient 
discomfort  and  respiratory  muscle  fatigue. -•'  However,  im- 
posed work  is  not  an  issue  if  the  patient  is  not  making 
spontaneous  inspiratory  efforts. 

An  extensive  literature  search  failed  to  reveal  any  prior 
investigations  of  WOB,  during  ventilator  failure.  During 
proper  ventilator  functioning,  investigators  found  that  crit- 
ical care  ventilators  impose  little  work  (<  40  mJ/L)  when 
operating  in  spontaneous  breathing  modes.'--'''''  The 
WOB,  of  earlier  portable  \entilators,  lacking  a  demand 
valve,  was  in  the  range  of  133-215  mJ/L,  leading  to  rec- 
ommendations of  retrofitting  those  de\ices  with  a  demand 
valve  if  they  are  used  with  spontaneously  breathing  pa- 
tients.'-^  Later  models,  with  an  integral  demand  valve,  im- 
posed a  lower  WOB  (4-121  mJ/L)  when  tested  under 
conditions  similar  to  those  used  in  this  study.'*'* 

The  present  study  has  several  limitations.  Advantages  of 
using  a  lung  model  include  accuracy  and  precision  of  cre- 
ating the  test  conditions  and  no  threat  to  the  health  of 
human  subjects.  Since  the  investigator  does  not  have  to 
wait  for  the  availability  of  volunteers,  this  design  is  eco- 
nomical in  terms  of  time.  However,  this  design  also  has  a 
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distinct  drawback  in  lernis  of  external  validity  and  gener- 
ali/ability  to  the  population  of  interest  (critically  ill  pa- 
tients requiring  mechanical  ventilation).  There  are  numer- 
ous potentially  intervening  variables  in  human  subjects 
that  are  not  present  in  a  lung  model,  including  the  eflecl  of 
air\\a\  moisture  on  the  functioning  of  the  ventilator  and 
the  effect  of  \arying  V,.  peak  inspiratory  tlow.  and  respi- 
ratory rale.  In  addition,  our  model  used  a  constant-flow 
bieathing  pattern,  but  a  sinusoidal  pattern  would  have  bet- 
ter simulated  spontaneous  breathing.  Also  our  model  gives 
no  information  on  patient  perception  t)f  discomfort  while 
breathing  through  a  failed  ventilator.  To  represent  clinical 
conditions,  ventilators  were  selected  from  those  awaiting 
patient  use.  Per  the  manufacturer's  instructions,  preventive 
maintenance  had  been  conducted  on  the  ventilators  at  the 
prescribed  intervals,  and  the  ventilators  were  calibrated 
and  prepared  per  the  manufacturer's  specifications.  The 
use  history  of  the  ventilators  used  in  this  investigation  was 
not  recorded,  and  we  recognize  that  differences  in  venti- 
lator use  history  could  affect  the  functioning  of  the  anti- 
asphyxia  valve. 

Future  studies  should  vary  the  Vy.  peak  inspiratory  flow, 
and  respiratory  rate  and  should  include  more  than  one  of 
each  \  entilalor  model,  to  better  represent  the  various  mod- 
els of  these  devices.  In  addition,  the  possibility  of  prema- 
ture opening  of  the  anti-asphyxia  valve  should  be  investi- 
gated during  normal  operation.  The  study  should  be 
repeated  using  nonintubated.  healthy  human  subjects. 

Conclusions 

Spontaneous  breathing  through  the  anti-asphyxia  valve 
during  \entilator  failure  may  impose  work  approximating 
the  physiologic  work  of  breathing,  thus  effectively  dou- 
bling total  work  of  breathing  and  preventing  effective 
breathing,  which  may  result  in  respiratory  muscle  fatigue. 
Also,  some  anti-asphyxia  valves  have  the  potential  to  open 
prematurely  during  spontaneous  breathing  with  normal  ven- 
tilator function  and  thus  threaten  to  reduce  the  F,,, .  Man- 
ufacturers should  examine  the  functioning  of  anti-asphyxia 
\alves  in  existing  and  future  ventilators.  Our  results  rein- 
force the  need  to  properly  monitor  mechanically  ventilated 
patients  and  to  have  sufficient  back-up  power  supplies  and 
a  method  of  manual  ventilation. 
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Noninvasive  Nocturnal  Ventilatory  Support 
in  Advanced  Lung  Disease  from  Cystic  Fibrosis 

John  T  Granton  MD,  Colin  Shapiro  MD.  and  Steven  Kesten  MD 


INTRODUCTION:  Respiratory  failure  is  the  most  common  cause  of  death  among  people  with 
cystic  fibrosis  (CP).  The  role  of  noninvasive  positive-pressure  ventilation  (NPPV)  in  severe  but 
stable  lung  disease  from  CF  has  not  been  adequately  determined.  We  therefore  sought  to  determine 
the  tolerability  and  efficacy  of  NPPV  in  people  with  advanced  lung  disease  from  CF.  METHODS: 
We  studied  13  patients  with  CF,  severe  air  fiow  limitation  (mean  ±  SD  forced  expiratory  volume 
in  the  first  second  0.8  ±  0.3  L),  and  chronic  respiratory  failure  (mean  ±  SD  P^,,^  67  ±  19  mm  Hg 
and  P^(  „,  ?1  ±  8  mm  Hg).  All  patients  were  awaiting  lung  transplantation.  NPPV  was  prescribed 
for  2  months.  Overnight  polysomnography,  arterial  blood  gas  values,  pulmonary  function,  exercise 
capacity,  and  health-related  quality  of  life  were  evaluated  at  baseline,  after  2  months  of  NPPV,  and 
again  after  a  1 -month  wash-out  period  off  NPPV.  RESULTS:  Eight  patients  completed  the  study 
and  tolerated  NPPV  extremely  well.  These  patients  subjectively  noted  improvement  in  their  symp- 
toms and  requested  that  they  restart  NPPV  after  completing  the  protocol.  Nevertheless,  NPPV 
did  not  improve  objective  measures  of  sleep  quality,  daytime  blood  gas  values,  pulmonary  func- 
tion, respiratory  muscle  strength,  or  exercise  tolerance.  All  8  patients  were  continued  on  NPPV 
and  underwent  successful  lung  transplantation.  CONCLUSIONS:  NPPV  is  well  tolerated  by  most 
patients  with  CF  and  severe  lung  disease  and  may  be  a  useful  bridge  to  support  CF  patients 
awaiting  lung  transplantation.  However,  despite  subjective  improvement,  standard  objective  mea- 
sures did  not  improve  and  cannot  explain  the  reduced  symptoms  reported  by  these  patients.  Key 
words:  cystic  fibrosis,  noninvasive  positive  pressure  ventilation.  NPPV.  hi-level  positive  ainvay  pressure, 
BiPAP.  sleep.     [Respir  Care  2002;47(6):675-68l] 


Introduction 

Noninvasive  positive-pressure  ventilation  (NPPV)  has 
been  successfully  used  in  patients  with  chronic  respiratory 
failure  secondary  to  neuromuscular  and  skeletal  disorders.' 
in  patients  with  acute  respiratory  failure  (ARF)  from  chronic 
obstructive  pulmonary  disease  (COPD),  NPPV  reduces  the 
requirement  for  intutiation  and  mechanical  ventilation  and 


John  T  Grjnion  MD  and  Colin  Shapiro  MD  are  alTilialed  with  The 
Toronto  Hospital.  Toronto,  Canada.  .At  the  time  of  this  study  Steven 
Kesten  MD  was  affiliated  with  Toronto  Hospital  but  is  now  afTilialed 
with  Boehringer-Ingelheiin  Pharmaceuticals.  Ridgefield.  Connecticut. 

This  research  was  supported  by  educational  grants  from  the  Canadian 
Cystic  Fibrosis  Foundation  and  Respironics  Inc. 

A  version  of  this  report  was  presented  by  John  T  Granton  MD  at  the 
American  Thoracic  Society's  International  Conference.  May  11-1.^,  I  Wb. 
New  Orleans.  Louisiana. 

Correspondence:  Steven  Kesten  MD.  900  Ridgebury  Road.  Ridgcndd 
CT  06877.  E-mail:  skesten(srdg. boehringer-ingelheim.com. 


may  reduce  mortality.-  Experience  with  NPPV  in  COPD 
patients  with  stable  hypercapnic  respiratory  failure  is  evolv- 
ing and  was  recently  extensively  reviewed.''  When  com- 
bined with  domiciliary  oxygen,  NPPV  improves  daytime 
blood  gas  values  and  quality  of  life  more  than  oxygen 
alone.-*''  However,  other  studies  have  not  shown  more  ben- 
efit from  NPPV  than  from  sham  ventilation''  or  oxygen 
therapy  alone.'  Respiratory  failure  is  responsible  for  the 
majority  of  morbidity  and  mortality  in  adult  cystic  fibrosis 
(CF)  patients.  Previous  studies  evaluated  the  role  of  NPPV 
in  patients  w  ith  acute  exacerbations  of  CF.  Padman  et  al 
reported  their  experience  with  NPPV  in  15  pediatric  pa- 
tients with  ARF  (4  with  CF).**  All  4  CF  patients  were 
supported  through  ARF  and  were  maintained  on  NPPV  for 
3  weeks  to  1.3  years  until  lung  transplantation.  Two  cen- 
ters have  specifically  evaluated  the  use  of  NPPV  in  (a  total 
of  14)  CF  patients.  Both  studies  found  initial  improvement 
in  gas  exchange  and  that  NPPV  could  be  tolerated  for 
periods  of  up  to  IS  months.''  "'  Hill  et  al  reported  that  their 
patients  had  subjective  improvement  m  sleep,  measurable 
increase  in  forced  vital  capacity,  and  i educed  Paco,-'"  Un- 
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fortunately,  no  formal  comparative  assessments  of  sleep, 
exercise,  or  quality  of  life  were  made  before  and  after 
NPPV.  In  addition,  those  patients  were  studied  during  doc- 
umented deterioration. 

Less  information  is  available  on  the  efficacy  of  NPPV 
in  patients  with  stable  CF.  We  recently  found  that  NPPV 
acutely  improved  gas  exchange  and  breathing  pattern  in 
patients  with  chronic  respiratory  failure  and  stable  lung 
function."  We  also  observed  that  NPPV  reduced  pleural 
pressure  swings  during  tidal  breathing  and  concluded  that 
NPPV  might  reduce  patients'  effort  of  breathing.  Thus, 
NPPV  is  a  potentially  useful  modality  to  manage  CF  pa- 
tients with  chronic  respiratory  failure.  We  postulated  that 
NPPV  would  improve  sleep  architecture,  daytime  blood 
gas  values,  exercise  tolerance,  and  health-related  quality 
of  life  in  patients  with  advanced  CF  awaiting  lung  trans- 
plantation. Chronic  respiratory  failure  is  the  leading  cause 
of  death  in  people  with  CF,  and  among  those  who  are 
appropriate  candidates  for  lung  transplantation,  many  die 
because  of  donor  shortages  and  the  increasing  waiting  times 
to  transplantation.  Based  on  experience  with  NPPV  in  pa- 
tients with  acute  respiratory  exacerbations  of  CF,  NPPV 
may  be  useful  in  patients  awaiting  lung  transplantation. 


Methods 


Study  Population 


Patients  with  CF  referred  to  The  Toronto  Hospital  and 
accepted  for  lung  transplantation  were  considered  for  en- 
rollment into  the  study.  Subjects  were  considered  eligible 
if  they  were  over  the  age  of  18  years  and  had  P.,o,  <  30 
mm  Hg  or  P„co,  -^  40  mm  Hg.  All  the  patients  were 
clinically  stable  and  had  been  free  from  acute  exacerbation 
of  respiratory  disease  requiring  hospitalization  in  the  pre- 
ceding month.  Patients  with  active  infection,  history  of 
hemoptysis,  or  recent  pneumothorax  were  excluded.  The 
protocol  was  approved  by  The  Toronto  Hospital  Commit- 
tee for  Research  on  Human  Subjects.  All  participants  pro- 
vided informed  consent  prior  to  enrollment  in  the  study. 


of  NPPV  in  this  population  was  reported  previously  and 
seemed  to  decrease  P^^co,-  increase  tidal  volume  (Vj).  and 
reduce  respiratory  rate,  and  there  was  a  trend  toward  re- 
duced esophageal  pressure  swings  and  diaphragmatic  elec- 
tromyographic activity.**  No  further  attempt  was  made  to 
adjust  the  pressure  levels  during  the  study.  Patients  were 
instructed  to  use  NPPV  while  sleeping  during  a  2-3  day 
hospitalization  period  and  were  discouraged  from  using 
NPPV  during  the  daytime.  We  specifically  wanted  to  avoid 
using  NPPV  as  a  long-term  ventilation  mode  and  to  main- 
tain patient  independence  so  as  not  to  interfere  with  day- 
time activities.  Pulmonary  function,  respiratory  muscle 
strength,  exercise  testing,  sleep,  and  quality  of  life  were 
measured  at  baseline,  after  2  months  of  NPPV,  and  again 
following  a  I -month  period  off  NPPV.  Patients  were  fol- 
lowed at  1 -month  intervals  in  the  clinic.  No  other  routine 
follow-up  was  provided. 

Sleep  Study 

Each  participant  underwent  3  formal  overnight  poly- 
somnographic  evaluations.  Only  the  second  sleep  evalua- 
tion was  performed  while  the  patient  was  receiving  NPPV. 
A  respiratory  inductance  plethysmograph  (Respitrace,  Am- 
bulatory Monitoring.  White  Plains,  New  York),  calibrated 
by  the  volume  of  isotlow  method,  was  used  to  measure  Vj 
and  excursion  of  the  rib  cage  and  abdomen.  Electrocar- 
diogram recordings  were  made  with  a  single  precordial 
lead.  Arterial  oxyhemoglobin  saturation  (Spo,)  was  mea- 
sured with  an  ear  oximeter  (Oxyshuttle,  SensorMedics/ 
VIASYS  Healthcare,  Yorba  Linda,  California).  Mean  low 
Spo,  during  sleep  was  determined  by  averaging  the  lowest 
Spo,  every  30  seconds  throughout  the  night.  The  amount  of 
time  spent  in  sleep  stages  1,  2,  3,  and  4,  and  rapid  eye 
movement  (REM)  was  recorded.  Total  sleep  time  was  de- 
fined as  the  amount  of  time  spent  in  any  stage  of  sleep 
relative  to  the  total  recording  time. 

Pulmonary  Function  and  Respiratory  Muscle 
Strength 


Study  Protocol 

Following  the  completion  of  baseline  measurements  and 
education  about  nasal  NPPV,  NPPV  was  administered 
nightly  for  a  2-month  period.  NPPV  was  provided  using 
bi-Ievel  positive  airway  pressure  (BiPAP,  Respironics, 
Monroeville,  Pennsylvania)  applied  through  a  nasal  mask. 
All  NPPV  breaths  were  patient-initiated,  using  the  spon- 
taneous or  "S"  mode.  To  optimize  the  likelihood  of  patient 
acceptance  and  tolerance,  the  levels  of  inspiratory  positive 
airway  pressure  (IPAP)  and  expiratory  positive  airway  pres- 
sure (EPAP)  were  determined  by  titrating  levels  to  patient 
comfort  prior  to  the  study.  The  acute  effects  of  this  level 


To  determine  if  the  effects  of  NPPV  carried  through  the 
daytime,  resting  arterial  blood  gas  (ABG)  values  were 
measured  at  noon.  Spirometry,'-  maximum  voluntary  ven- 
tilation, and  lung  volumes  via  body  plethysmography  were 
assessed  for  each  interval.  Maximum  static  inspiratory  pres- 
sure at  residual  volume  and  maximum  static  expiratory 
pressure  at  total  lung  capacity  were  used  as  indices  of 
respiratory  muscle  strength.  For  these  measurements  the 
patient  breathed  through  a  mouth  piece  attached  to  a  3-way 
valve  connected  to  a  wedge  spirometer  (Model  922,  Sen- 
sormedics,  Yorba  Linda.  California),  Mouth  pressures  were 
measured  with  a  pressure  transducer  (MP  45.  Validyne. 
Northridge.  California).  Measurements  were  performed  un- 
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lil  3  recordings  varied  <  \0%  and  were  sustained  for  1 
second. 

P^xercise  Testing 

Maximal  exercise  testing  was  performed  on  a  treadmill 
(T5()0.  Biiiilick.  Milton,  Wisconsin),  with  ct)nliruious  mon- 
iloring  of  respiratory  gases  (Ametek,  AEl  Technologies. 
Pittsburgh.  Pennsylvania).  S^o,  (Invivo  4500.  Orlando. 
Florida),  and  heart  rate  (MSC  2001.  Medical  Systems  In- 
ternational. Greenvale,  New  York).  Work  rate  was  in- 
creased at  2-min  inter\als.  according  to  the  perceived  fit- 
ness of  the  stud\  subject.  Subjects  were  encouraged  to 
exercise  to  a  symptom-limited  maximum  level.  The  max- 
imum \alues  v\ere  recorded  for  the  last  minute  of  exercise 
and  included  oxygen  consumption,  peak  oxygen  consump- 
tion, maximum  voluntary  ventilation,  and  heart  rate.  Also 
recorded  were  maximum  work  load,  duration  of  exercise, 
and  level  of  blood  oxygen  desaturation  during  exercise. 

Quality  of  Life  Assessment 

Symptoms  and  quality  of  life  were  measured  with  the 
Chronic  Respiratory  Disease  Questionnaire  (CRQ)  and  the 
Asthma  Quality  of  Life  Questionnaire  ( AQLQ).  Both  ques- 
tionnaires reflect  impairments  perceived  to  be  important 
by  the  patient  and  are  sensitive  to  changes  that  develop 
over  a  2-week  period. '^^'-'' 

The  CRQ  has  been  validated  for  patients  with  chronic 
respiratory  failure.  It  evaluates  4  domains:  dyspnea  (5 
items),  fatigue  (4  items),  emotional  function  (7  items),  and 
disease  mastery  (4  items). 

The  AQLQ  measures  quality  of  life  in  asthma  patients. 
It  esaluates  4  domains:  activity  limitations  (11  items), 
symptoms  (12  items),  emotional  function  (5  items),  and 
exposure  to  environmental  stimuli  (4  items). 

For  both  the  AQLQ  and  CRQ  each  itein  in  each  doinain 
is  equally  weighted.  The  possible  responses  for  each  item 
lie  along  a  7-point  intensity  scale  in  which  1  indicates 
maximum  impairment  and  7  indicates  no  inipainnent.  The 
tlnal  score  is  expressed  as  the  average  response  for  each 
domain,  and  overall  quality  of  life  is  expressed  as  the 
average  of  all  the  domains.  With  both  questionnaires,  an 
average  change  in  response  of  0.5  in  any  domain  is  con- 
sidered to  represent  a  meaningful  difference."' 

Data  Analysis 


Table  I.      Piilysiininojiraphy  Measurements 


Baseline 


Alter  2  Months 
of  NPPV 


After  1 -Month 

Wash-out 

Period 


F.ffitiencv  ^'i  TST) 

76  ±  1.5 

82  £  8 

85  ±  11 

Lateney  (mini 

21  ±38 

23  ±  26 

16  ±  19 

Stages  1  +  2  (%  TST) 

40  ±  10 

45  ±  8 

33  ±  16 

Stages  3  -H  4  (%  TST) 

26  ±8 

28  ±9 

30  ±  16 

REM  sleep  (%  TST) 

13  ±5 

13  ±  3 

16  ±5 

Awakenings  (h) 

.34  ±  17 

45  ±  25 

31  ±23 

Mean  low  S,,,,,  (%) 

86  ±9 

87  ±  5 

86  ±5 

Mean  high  P,jcc),  ("i™ 

Hg) 

64  ±  13 

60  ±  8 

60  ±  13 

NPPV  =  noninvasive  posilive-pressure  vcntikition 

TST  -  total  sleep  lime 

REM  =  rapid  eye  movement 

Soo,  -  oxygen  saturation  measured  via  ear  oximetry 


pt':  ■ 


p.Trtial  pressure  of  carbon  dioxide  measured  Iranseulaneously 


Values  are  mean  ±  SD- 


Results 

Thirteen  patients  (9  men,  4  women,  24-37  years  of  age) 
with  CF  and  severe  air  flow  limitation  (Pao,  of  67  ±  19 
mm  Hg  and  P;,co,  of  51  ±8  mm  Hg)  were  evaluated. 
Eight  patients  had  been  reported  on  in  our  earlier  study  of 
the  acute  effects  of  NPPV."  Eight  of  the  13  enrolled  pa- 
tients completed  the  2  months  of  NPPV  and  the  I -month 
wash-out  period.  Five  patients  did  not  complete  the  study, 
for  the  following  reasons:  1  developed  hemoptysis,  I  had 
a  poor-fitting  mask,  1  received  a  lung  transplant,  1  refused 
to  discontinue  NPPV  after  2  months,  and  1  refused  full 
participation  with  the  study  protocol.  The  8  patients  re- 
ported herein  did  not  require  changes  to  their  masks  once 
they  had  been  fitted  on  the  initial  visit.  All  patients  sub- 
jectively noted  improvement  in  symptoms  and  requested 
to  restart  NPPV  after  the  completion  of  the  protocol.  The 
patients  who  completed  the  protocol  continued  on  NPPV 
and  survived  to  transplantation. 


Sleep  Study 

All  patients  who  completed  the  study  had  full  sleep 
assessments.  During  NPPV  there  were  no  significant 
changes  in  sleep  efficiency,  latency,  or  sleep  stages  (Table 
I ).  There  was  a  nonsignificant  increase  in  awakenings  and 
a  nonsignificant  decrease  in  mean  high  tianscutaneously- 
measured  Pco,.  from  64  ±  13  mm  Hg  to  60  ±  8  mm  Hg. 
There  was  no  change  in  mean  low  Sp,,^  during  the  study. 


Data  are  presented  as  either  mean  ±  SD  or  as  propor- 
tions. Comparison  of  the  3  time  periods  was  made  using 
the  2-tailed,  paired  Student's  /  test.  Differences  were  con- 
sidered statistically  significant  if  p  was  <  0.05. 


Pulmonary  Function  Testing 

One  patient  failed  to  complete  the  final  pulmonary  func- 
tion assessment.  Pulmonary  function  test  results  did  not 
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Table  2.      Physiologic  Measuremems 


Table  3.       Graded  Exercise  Testin"  Measurements 


Baseline 


.^fter  2  Months 
of  NPPV 


After  1 -Month 

Wash-out 

Peiiod 


P.03  (mm  Hg) 

67  ±  19 

69  ±  13 

64±  14 

Pace,  (mm  Hg) 

51  ±8 

50  ±4 

47  ±  7 

FEV,  (L) 

0.8  ±  0.3 

0.8  ±  0.3 

0.9  ±  0.4 

FVC  (L) 

1.7  ±0.6 

1.7  ±0.5 

1.8  ±  0.7 

MIP  (%  of  predicted) 

67  ±  25 

78  ±25 

78  ±28 

MEP  (%  of  predicted) 

56  ±  17 

71  ±20 

70  ±  16 

MVV  (L/min) 

40  ±26 
in  Ihe  fipit  second 

39  ±20 

43  ±  24 

FEV|  =  torced  expiralon.  volume 

FVC  ^  forced  vital  capai:ily 

MIP  -  maximum  mspiraion,'  pressure 

MEP  =  maximum  expiralory  pressure 

MVV  -  maximum  voluntary  vcnii 

ilalmn 

Values  are  mean  *  SD 

change  during  the  study.  There  were  no  significant  changes 
in  FEV,,  forced  vital  capacity,  total  lung  capacity,  or  re- 
sidual volume  (Table  2).  There  was  a  nonsignificant  in- 
crease in  maximum  static  inspiratory  pressure,  from  67  ± 
25%  to  78  ±  25%  of  predicted,  and  a  nonsignificant  in- 
crease in  maximum  static  expiratory  pressure,  from  56  ± 
17%  to  71  ±  20%  of  predicted.  The  estimates  of  respira- 
tory muscle  strength  did  not  return  to  baseline  values  fol- 
lowing the  1 -month  wash-out  period  (see  Table  2).  Blood 
gas  values  were  incomplete  in  4  patients.  In  the  remainder 
there  was  no  significant  change  in  Pao,.  but  there  was  a 
nonsignificant  trend  toward  a  decrease  in  P^c-q,  over  the 
3-month  study  (see  Table  1). 

Exercise  Studies 

Because  of  respiratory  disability  and  requirement  for 
supplemental  oxygen,  only  4  patients  were  able  to  perform 
stage  I  exercise  testing.  In  these  patients  there  was  no 
significant  improvement  in  peak  oxygen  consumption, 
maximum  voluntary  \entilation.  exercise  duration,  or  work 
load  (Table  3).  Similarly,  there  was  no  change  in  the  de- 
gree of  arterial  oxygen  desaturation  or  maximum  heart 
rate. 

Quality  of  Life  Assessments 

During  the  study  there  was  a  trend  toward  a  gradual 
improvement  in  the  quality  of  life  in  all  categories  in  both 
the  CRQ  and  AQLQ  (Table  4).  Unfortunately,  the  infor- 
mation from  1  patient  was  incomplete  for  the  2-month 
questionnaire  and  from  2  patients  for  the  wash-out  ques- 
tionnaire. The  total  score  for  the  CRQ  at  baseline  was 
3.7  ±  1.  which  increased  to  4.0  ±  0.8.  During  the  wash- 
out phase  the  CRQ  score  increased  further,  to  4.4  ±  0.3. 


Baseline 


Alter  2  Months 
of  NPPV 


After  1 -Month 

Wash-out 

Period 


Peak  V,,,  (L/min I  38  ±  13 

Duration  (niin)  12  ±  3 

Work  (watts)  433  ±  152 


37  ±  12 

12  ±  2 

382  ±  155 


39: 
13: 

533: 


10 

2 

231 


Vq,  -  oxygen  consiimption 
Values  are  mean  ±  SD- 


The  changes  in  AQLQ  score  from  baseline  (3.9  ±  1)  to 
after  2  months  of  NPPV  (4.2  ±  1 )  and  to  the  completion 
of  the  wash-out  phase  (4.7  ±  0.8)  were  not  statistically 
significant. 

With  regard  to  individual  CRQ  scores,  after  2  months  of 
NPPV  meaningful  improvement  (ie.  >  0.5  increase  for 
any  domain)  had  occurred  in  3  patients  in  the  dyspnea 
domain,  6  patients  in  the  fatigue  domain.  3  patients  in  the 
emotional  function  domain,  and  3  patients  in  the  disease 
mastery  domain.  These  improvements  were  sustained 
throughout  the  wash-out  period. 

Two  patients  did  not  change  significantly  in  any  CRQ 
domain  during  the  study,  and  1  patient  had  a  deteriora- 
tion >  0.5  in  the  fatigue  and  emotional  function  domains 
following  2  months  of  NPPV.  which  coincided  with  an 
acute  infectious  exacerbation. 

With  regard  to  individual  AQLQ  scores,  after  2  months 
of  NPPV  meaningful  improvement  (ie.  >  0.5  increase  for 
any  domain)  had  occurred  in  3  patients  in  the  activity  level 
domain,  in  5  patients  in  the  symptom  domain,  and  in  1 
patient  in  the  environmental  domain.  One  patient  had  de- 


Table  4.      Quality  of  Life  Measurements 


Symptom  Score  Domain 

Baseline 

After  2  Months 
of  NPPV 

After  1 -Month 

Wash-out 

Period 

Chronic  Respiratory 

Failure  Questionnaire 

Dyspnea 

3.0  ±  0.7 

3.6  ± 

0.8 

3.5  ±  0.7 

Emotional 

3.4  ±  1.5 

3.5  ± 

1.0 

4.2  ±  0.7 

Fatigue 

4.1  ±  1.4 

4.2  ± 

1.0 

4.9  ±  0.4 

Mastery 

4.4  ±  1.4 

4.6  ± 

1.2 

5.1  ±0.6 

Total  Scores 

3.7  ±  1.0 

4.0  ± 

0.8 

4.4  ±  0.3 

Asthma  Quality  of  Life 

Questionnaire 

Acti\il\ 

3.8  ±  1 

4.1  ± 

1 

4.5  ±  1 

Symptoms 

3.5  ±  1 

4.0  ± 

1 

3.9  ±  1 

Emotional 

4.5  ±  2 

4.4  ± 

-> 

4.9  ±  1 

Environmental 

4.9  ±  1 

4.9  ± 

1 

5.3  ±  1 

Mean  Score 

3.9  ±  1 

4.2  ± 

1 

4.7  ±  0.8 

Values  are  mean  ±  SU. 
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terioration  (ie.  >  0.5  decrease)  in  the  emotional  function 
domain  after  2  months  of  NPPV.  Three  other  patients  had 
improvement  in  emotional  function  domain  after  the  wash- 
out period. 

No  estimates  were  made  of  patient  compliance  with 
NPPV.  All  8  patients  reported  that  they  were  tolerating  the 
NPPV  at  the  prescribed  settings  at  2  tnonths.  After  the 
wash-out  phase,  all  8  patients  continued  NPPV  until  lung 
transplantation. 

Discussion 

This  is  the  first  prospective  study  of  NPPV  in  outpa- 
tients with  CF  and  advanced  respiratory  disease.  With  the 
NPPV  settings  we  employed  there  was  no  improvement  in 
daytime  ABG  values,  spirometry,  respiratory  muscle 
strength,  exercise  tolerance,  or  sleep  architecture. 

Previous  reports  have  evaluated  NPPV  for  patients  with 
deteriorating  lung  function.  In  the  largest  study  to  date. 
Hill  et  al  reported  their  5-year  experience  in  10  hospital- 
ized patients  with  hypercapnic  respiratory  failure  (Paco, 
65.4  ±  4.5  mm  Hg).  Two  did  not  tolerate  NPPV.  5  expe- 
rienced a  quantifiable  improvement  in  P^ec),  '''ter  3  months 
of  NPPV.  and  10  had  an  increase  in  forced  vital  capacity 
by  2  months  of  NPPV.'"  They  also  reported  a  subjective 
improvement  in  sleep  and  morning  headache.  No  formal 
assessments  of  sleep  or  symptom  severity  were  made. 

The  subjects  in  our  study  all  had  severe  air  flow  limi- 
tation (FEV|  0.8  ±  0.3  L)  and  hypercapnia  (resting  Paco, 
51  ±  8  mm  Hg),  but,  in  contrast  to  previous  studies,  all 
were  clinically  stable  outpatients.  In  an  earlier  report  on 
the  acute  effects  of  BiPAP  (including  7  of  the  patients 
reported  in  this  study),  we  found  that  NPPV  reduced  re- 
spiratory rate  and  increased  Vy."  Minute  ventilation  was 
also  reduced,  and  S^o,  and  transcutaneously-measured  P^o, 
significantly  improved.  In  addition,  we  found  that  NPPV 
significantly  reduced  pleural  pressure  swings  during  quiet 
breathing.  This  suggested  to  us  that  NPPV  could  reduce 
hypoxemia,  improve  alveolar  ventilation,  and  reduce  the 
work  of  breathing  in  lung  disease  due  to  CF. 

People  with  severe  lung  disease  from  CF  often  have 
substantial  derangement  of  sleep  quality  and  desaturate 
during  sleep. '^'''  Spier  et  al  observed  lower  sleep  effi- 
ciency, less  REM  sleep,  and  more  arousals  in  CF  patents 
than  in  normal  subjects."*  In  that  study,  2  of  10  subjects 
w  ith  CF  had  concurrent  obstructive  sleep  apnea.  In  addi- 
tion, CF  patients  have  large  variations  in  nocturnal  Vj, 
suggesting  that  alterations  in  the  control  of  breathing  may 
contribute  to  nocturnal  desaturation.'" 

Our  study  patients  had  substantial  impairment  in  sleep 
architecture  and  efficiency,  reflected  by  the  higher  mean 
number  of  awakenings  and  less  time  spent  in  sleep  stages 
3  and  4.  As  well,  our  subjects  had  mild  hypoxemia  and 
substantial  hypercapnia  during  sleep.  No  patient  had  more 


than  5  obstructive  episodes  per  hour.  With  the  application 
of  NPPV  there  was  a  nonsignificant  trend  toward  improve- 
ments in  sleep  efficiency  and  in  transcutaneously-mea- 
sured P( ,)  during  sleep.  There  was  no  improvement  in 
REM  or  stage  4  sleep  time.  Indeed,  there  was  a  nonsig- 
nificant trend  toward  an  increase  in  the  mean  number  of 
awakenings  with  NPPV,  so  it  may  have  interfered  with 
sleep  in  these  patients. 

Our  negative  findings  contrast  with  a  previous  study's 
observation  of  improvement  in  the  respiratory  disturbance 
index  and  baseline  SpQ^  during  REM  and  non-REM  sleep 
in  7  CF  patients  during  the  nocturnal  application  of  nasal 
continuous  positive  airway  pressure.-"  That  study  used 
much  higher  levels  of  end-expiratory  pressure  ( 1 1  ±  2  cm 
HiO),  which  might  account  for  the  observed  differences  in 
outcome.  Ideally,  titration  of  the  IPAP  and  EPAP  levels 
should  have  been  adjusted  during  the  sleep  study.  How- 
ever, based  on  the  acute  effects  of  BiPAP  in  the.se  pa- 
tients,** we  believe  that  the  potential  benefit  of  increasing 
the  pressure  would  have  been  offset  by  patient  intolerance. 
Future  studies  should  address  this  concern. 

Previous  studies  evaluating  the  acute  effects  of  NPPV 
for  ARF  in  CF  patients  found  that  morning  ABG  values 
were  improved  following  a  night  of  NPPV.'  In  the  cohort 
we  studied  we  saw  no  improvement  in  oxygenation  or 
hypercapnia.  It  is  unclear  if  the  difference  was  related  to 
differences  in  the  timing  of  ABG  sampling  between  the  2 
studies.  We  also  found  no  improvement  in  the  severity  of 
air  tlow  limitation  or  the  estimates  of  muscle  strength.  We 
initially  hypothesized  that  NPPV  would  rest  the  respira- 
tory muscles  and  thereby  improve  their  work  efficiency 
through  the  day.  However,  we  found  no  significant  im- 
provement in  exercise  tolerance. 

Severe  lung  disease  in  CF  substantially  impairs  quality 
of  life  and  functional  status.-'  Few  studies  have  incorpo- 
rated quality-of-life  assessments  into  therapeutic  trials  with 
CF  patients.  Unfortunately,  specific  measures  of  lifestyle 
impairment  in  CF  patients  have  not  been  developed  sys- 
tematically. For  the  purposes  of  this  study  we  chose  2 
questionnaires  (CRQ  and  AQLQ)  that  have  been  validated 
for  other  respiratory  disease  patients."  ''^  Both  CRQ  and 
AQLQ  are  reliable,  easy  to  administer,  and  sensitive  to 
changes  in  a  patient's  health  that  occur  over  a  period  of  2 
weeks. '^ 

Using  the  CRQ  and  AQLQ  scoring  systems  we  found  a 
nonsignificant  trend  toward  improved  quality  of  life  dur- 
ing the  duration  of  the  study.  The  questionnaire  scores 
showed  continued  improvement  during  the  wash-out  phase, 
in  some  patients,  which  suggests  that  there  was  either  a 
carryover  effect  of  NPPV  into  the  wash-out  phase  or  that 
there  was  no  causal  relationship  between  NPPV  and  the 
observed  improvement.  However,  the  trends  we  observed 
were  not  statistically  significant,  perhaps  reflecting  our 
small  sample  size.  The  lack  of  statistical  significance  con- 
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trusts  v\'ilh  the  iialiciils'  noiKiiicstioiinaiiv  repurting  to  us  of 
an  overall  sense  ol  improved  well-beinj;  and  sleep.  How- 
ever, we  eannot  exclude  the  possibility  that  the  patients' 
responses  may  have  retlected  a  desire  to  please  their  care- 
givers. In  addition,  the  questionnaires  we  used  have  not 
been  validated  in  CF  patients,  so  they  may  be  insensitive 
to  symptoms  or  sense  of  well-being  in  these  patients. 

We  were  disappointed  by  the  lack  of  objective  improve- 
ment during  this  study.  The  results  are  similar  to  earlier 
observations  in  patients  with  ARF  from  a  variety  of  causes, 
which  suggested  that  NPPV  might  not  be  useful  for  pa- 
tients with  bronchiectasis.-- 

There  are  several  possible  explanations  for  our  obser- 
vations. The  hypothesis  that  NPPV  will  benefit  CF  pa- 
tients may  be  wrong.  Alternatively,  our  patient  selection 
may  have  been  incorrect.  For  COPD  patients  it  has  been 
recommended  that  only  patients  with  substantial  hyper- 
capnia  benefit  from  and  should  be  considered  for  NPPV. 
However,  the  relationship  between  the  degree  of  carbon 
dioxide  retention  and  success  with  NPPV  is  controversial 
and  remains  speculative.''^ 

Another  possible  explanation  for  our  findings  relates  to 
potential  weaknesses  in  our  methodology.  First,  there  may 
have  been  some  carbon  dioxide  rebreathing  with  the  NPPV 
system  and  settings  employed.  Ferguson  and  Gilmartin 
observed  that  EPAP  of  at  least  6  cm  H^O  was  required  to 
eliminate  rebreathing  of  carbon  dioxide  from  the  tubing, 
using  the  BiPAP  system,  when  carbon  dioxide  is  not  com- 
pletely removed  through  the  exhalation  port  (Whisper 
Swivel,  Respironics,  Pittsburgh,  Pennsylvania).-  *  They  also 
found  that  that  EPAP  level  significantly  reduced  the  effect 
of  rebreathing.  Oiu'  patients  used  EPAP  of  4-6  cm  H2O. 
making  the  likelihood  of  rebreathing  remote. 

Second,  relatively  low  inspiratory  support  pressures  were 
used  in  our  study.  IPAP  ranged  from  10  to  12  cm  H-,0, 
which  resulted  in  a  average  driving  pressure  of  only  6  cm 
HiO.  Ambrosino  et  al  evaluated  the  physiologic  effects  of 
2  "hours  of  NPPV  without  EPAP  (using  either  BiPAP  or 
pressure  support  by  a  standard  ventilator)  in  7  patients 
with  stable  COPD.--'  IPAP  was  titrated  to  achieve  V,  of 
lO-l.'S  niL/kg  and,  consequently,  greater  levels  of  IPAP  were 
used  (17-20  cm  HiO).  They  noted  a  significant  decrease  in 
P,c-,, ,  from  60  to  49  mm  Hg  over  a  12-hour  period.  Similar 
results  were  obtained  by  Brochard  et  al  in  their  study  of  ARF 
in  COPD  patients,  in  which  l.'i-2()  cm  H^O  pressure  was 
applied  via  face  mask,  using  a  modified  pressure  support 
.system.-^  Our  patients  had  substantial  aii-  flow  limitation  and 
might  ha\e  benefited  from  higher  11^\P  le\els. 

Third,  CF  patients  experience  frequent  and  lapid  fluc- 
tuations in  health  anti  functional  status,  owing  to  repetitive 
infectious  exacerbations.  v\  liich  may  have  confounded  the 
observations  of  our  relaii\ely  short  study,  because  bene- 
ficial effects  may  have  been  obscured  by  the  patients" 
health  variations.  Two  months  is  probably  sufficient  to 


observe  physiologic  and  sleep-related  changes,  but  the  du- 
ration of  the  trial  may  have  been  too  short,  with  a  longer 
period  required  before  an  effect  could  be  seen. 

Some  of  our  conclusions  are  also  hampered  by  the  study 
design.  We  used  a  wash-out  period  to  judge  the  effects  of 
BiPAP  and  to  control  for  variations  in  patient's  health 
status.  It  is  possible  that  a  carry-over  effect  of  NPPV  through 
the  wash-out  period  may  have  obscured  any  effects  of 
NPPV.  It  is  also  possible  that  the  chosen  outcome  mea- 
sures may  be  too  insensitive  to  physiologic  change.  We 
also  did  not  use  any  formal  method  to  determine  compli- 
ance with  NPPV.  Patients  may  have  simply  not  have  been 
using  NPPV  as  prescribed,  but  we  think  this  is  highly 
Linlikely,  as  all  patients  requested  to  continue  treatment 
beyond  the  study  period.  It  is  interesting  to  speculate  that 
a  subjective  benefit  may  have  occurred,  given  that  these 
patients  requested  to  continue  NPPV. 

Conclusions 

For  patients  with  stable  CF.  NPPV  did  not  significantly 
improve  objective  measurements  of  physiology  or  quality 
of  life.  However,  limitations  in  study  design  and  imple- 
mentation of  NPPV  preclude  any  definite  conclusions  re- 
garding efficacy  in  this  patient  population,  and  some  of  the 
observations  and  trends  in  this  trial  suggest  that  a  longer 
trial  is  needed  to  more  fully  evaluate  the  efficacy  of  NPPV 
in  patients  with  chronic  respiratory  failure  from  CF,  in- 
corporating lessons  learned  from  the  limitations  of  the 
present  study. 
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Clinical  Validation  of  a  Continuous  Intravascular  Neonatal  Blood  Gas 
Sensor  Introduced  Through  an  Umbilical  Artery  Catheter 

Patricia  A  Meyers  RRT,  Catherine  Worwa  CRT,  Robert  Trusty  RRT.  and  Mark  C  Mammel  MD 

INTRODUCTION:  Arterial  blood  gas  (ABG)  values  are  a  necessary  diagnostic  measurement  in  the 
management  of  critically  ill  neonates.  We  hypothesized  that  a  fiberoptic  intravascular  blood  gas 
sensor,  adapted  for  use  through  an  umbilical  artery  catheter,  would  produce  blood  gas  results  with 
clinically  acceptable  bias  and  precision,  in  comparison  to  laboratory  values,  but  with  no  blood  loss. 
METHODS:  We  evaluated  a  fiberoptic  intravascular  blood  gas  sensor  (Neotrend)  in  23  consecutive 
neonates  suffering  respiratory  failure.  The  sensor  was  inserted  into  the  descending  aorta  via  a  4.0 
or  4.5  French  umbilical  artery  catheter  and  extended  20  mm  beyond  the  catheter  tip.  Arterial  blood 
samples  were  drawn  as  clinically  indicated  and  analyzed  using  a  standard  laboratory  analyzer. 
Sensor  measurements  were  recorded  at  the  time  of  arterial  blood  sampling.  Additionally,  we 
recorded  and  evaluated  data  related  to  umbilical  artery  catheter  placement  (low  position  [L3-L4] 
vs  high  position  [T8-T101),  duration  of  sensor  functioning  and  use,  and  sensor  bias  and  precision 
compared  to  the  laboratory  analyzer  (using  Bland- Altman  technique  and  linear  regression  analysis 
of  pH,  Patt),'  and  ^mJ-  RESULTS:  Duration  of  sensor  use  ranged  from  1  to  304  hours  (3-304  h  in 
high  position  and  1-91  h  in  low  position).  Nine  sensors  were  used  for  >  72  h  (1  in  low  position  and 
8  in  high  position).  Nine  sensors  were  placed  in  low  position,  with  a  placement  success  rate  of  56%. 
Eighteen  sensors  were  placed  in  high  position,  with  a  placement  success  rate  of  89%.  The  sensor 
values  for  pH,  Pato,,  and  P^,,,  were  strongly  correlated  (p  <  0.0001)  with  the  laboratory-deter- 
mined values.  Bias  and  precision  for  all  values  met  standards  for  discrete  analyzers  for  laboratory 
use.  CONCLUSIONS:  The  Neotrend  device  was  accurate  and  reliable  in  the  neonatal  setting, 
allowing  blood  gas  assessment  with  no  iatrogenic  blood  loss.  Catheter  placement  in  high  position 
may  increase  the  likelihood  of  successful  sensor  placement  and  sensor  duration  of  function.  Key 
words:  intravciscuUir  blood  gas  sensor,  umbilical  artery  catheter,  nnmitoring.  respiratory  failure,  neo- 
nates.    [RespirCare  2002;47(6):682-687] 


Introduction 

Arterial  blood  gas  (ABG)  values  are  a  necessary  diagnos- 
tic measurement  in  the  management  of  critically  ill,  venti- 
lated patients  in  the  neonatal  intensive  care  unit  (NICU).  The 
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frequency  of  blood  gas  sampling  is  usually  determined  by  the 
severity  of  the  condition  and  clinical  practice.  A  drawback  to 
scheduled  ABG  sampling  is  that  changing  conditions  may  be 
missed.  The  relationship  between  P,co,  fluctuations  and  ce- 
rebral blood  (low  have  been  well  described.'-  Hypercarbia 
and  hypocarbia  are  both  linked  to  the  development  of  intra- 
ventricular hemorrhage  and  periventricular  leukomalacia.^* 
Frequent  ABG  sampling  from  a  neonate  results  in  blood  loss 
that  can  necessitate  transfusions  and  increase  the  risk  of  in- 
travascular contamination.  In  critical  situations  the  practitio- 
ner may  have  to  wait  for  an  ABG  sample  to  be  drawn  and 
taken  to  the  laboratory,  which  may  or  may  not  be  in  close 
proximity  to  the  NICU.  Rapid  changes  in  blood  gas  values 
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can  occur  t'ollov\iiig  surfactant  administration^  and  during 
high-frequency  ventilation.'^  With  the  advent  of  continuous 
ABCj  monitoring,  treatment  modalities  can  he  proactive  rather 
than  reactive. 

Continuous  ABG  estimations  have  been  available  in  a 
variety  of  noninvasive  forms.  Unfortunately,  transcutane- 
ous monitoring  of  carbon  dioxide  and  oxygen  levels  ne- 
cessitates frequent  site  changes  and  recalibration  of  the 
probe,  and  it  is  contraindicated  in  hemodynamically  com- 
promised patients  because  of  changes  in  blood  How  to  the 
tissues.'*  Pulse  oximetry  offers  continuous  estimation  of 
blood  oxygen  saturation  but  gives  no  information  about 
pH  or  Paco,-  For  the  past  2  decades,  continuous  intra- 
arterial P^o,  measurement  has  been  available  with  the  use 
of  a  Clark  electrode  with  an  umbilical  artery  catheter 
(UAC).'"  In  recent  years,  advances  in  fiberoptics  have 
provided  continuous  monitoring  of  blood  gases  in  adults 
by  allowing  passage  of  a  multivariable  sensor  through  a 
catheter  placed  in  a  peripheral  artery.  Recently  that  same 
technology  was  adapted  to  allow  sensor  placement  through 
the  UAC  in  critically  ill  newborns." 

We  evaluated  a  continuous-readout  intravascular  blood 
gas  monitoring  system  (Neotrend.  Diametrics  Medical.  St 
Paul,  Minnesota)  in  critically  ill  newborns  and  compared 
the  values  obtained  to  ABG  measurements  made  in  the 
hospital's  clinical  laboratory.  We  also  collected  data  to 
evaluate  duration  of  sensor  function  and  sensor  perfor- 
mance in  high  UAC  position  (T8-10)  versus  low  UAC 
position  (L3-4).  We  hypothesized  that  the  Neotrend  in- 
travascular blood  gas  monitoring  system  would  produce 
blood  gas  results  with  clinically  acceptable  bias  and  pre- 
cision, in  comparison  to  laboratory  values,  but  with  no 
blood  loss. 

Methods 

This  study  was  reviewed  and  approved  by  the  Chil- 
dren's Hospitals  and  Clinics  institutional  review  board, 
and  informed  parental  consent  was  obtained  for  each  study 
participant.  Patients  who  required  UAC  insertion  were  el- 
igible for  study  entry.  Patients  suffering  from  known  lethal 
anomalies,  from  any  type  of  hypercoagulopathy,  or  in  whom 
the  need  for  arterial  sampling  was  expected  to  be  <  72 
hours  were  excluded.  Proper  UAC  placement  was  radio- 
graphically  confirmed  before  sensor  calibration. 

The  Neotrend  sensor  is  a  fiberoptic  device  that  uses 
fluorescent  technology  to  measure  P^o,,  optical  absorption 
to  measure  pH  and  P^co,-  "ind  a  thermocouple  to  measure 
temperature  (Fig.  I).  Bicarbonate,  base  excess,  and  blood 
oxygen  saturation  are  calculated.  The  sensor  is  0.5  mm  in 
diameter  and  is  advanced  20  mm  beyond  the  distal  end  of 
the  UAC,  residing  in  the  descending  aorta.  Blood  pressure 
monitoring,  drug  or  flush  infusion,  and  discrete  blood  sam- 
pling are  possible  with  the  sensor  in  situ.  The  sensor  has  a 


P.co,  sensor        Heparin 
cpating 


Thermocouple       Polyacrylamide  gel  pH  sensor 

containing  phenol  red 


25  mm 
Fig.  1.  Cross-section  of  the  sensor  tip  of  tfie  Neotrend  blood  gas 
monitoring  system.  (Drawing  courtesy  of  Diametrics  Medical) 


heparin  coating  that  inhibits  protein  and  thrombus  forma- 
tion.'- 

Sensor  insertion  was  performed  according  to  the  man- 
ufacturer's recommendations.  Before  sensor  insertion  the 
device  was  calibrated  with  precision  gases  bubbled  in  se- 
quence through  the  tonometer,  under  microprocessor  con- 
trol. Sensor  calibration  takes  31  minutes.  Following  cali- 
bration the  sensor  was  flushed  with  normal  saline,  to  ensure 
it  remained  in  a  liquid  medium,  and  withdrawn  from  the 
tonometer,  making  sure  the  pressure  port  had  no  bubbles 
in  it.  The  pressure  port  has  a  dead  space  of  0. 1  mL.  The 
UAC  was  clamped  and  the  sensor  was  placed  on  the  end 
of  the  UAC.  A  stopcock  was  attached  to  the  pressure  port 
and  the  pressure  tubing  was  reconnected.  The  clamp  was 
removed  and  the  sensor  was  gently  inserted  through  the 
UAC.  Arterial  line  solutions  used  were  normal  saline  (n  = 
18),  5%  dextrose  (;;  =  4),  and  10%  dextrose  (;;  =  1),  all 
with  heparin  concentrations  of  0.25  units/mL.  Following 
sensor  insertion  another  radiograph  was  taken  to  recheck 
UAC  position  and  sensor  extension  from  the  UAC.  The 
sensor  was  allowed  to  equilibrate  for  no  less  than  20  min 
before  the  first  comparison  was  made. 

According  to  the  manufacturer's  guidelines,  the  first 
blood  gas  comparison  following  insertion  was  considered 
an  in  vivo  correlation  analysis,  to  identify  any  initial  bias 
between  the  laboratory  analyzer  and  the  Neotrend  sensor. 
This  first  comparison  was  eliminated  from  the  statistical 
analysis,  whether  a  bias  adjustment  was  made  or  not.  Cri- 
teria for  adjustments  were:  pH  difference  >  0.03  units, 
Paco,  difference  >  5  mm  Hg,  or  P,,,,  difference  >  10  mm 
Hg.  After  this  initial  bias  adjustment,  arterial  blood  sam- 
ples were  obtained  as  clinically  indicated,  and  the  values 
displayed  on  the  Neotrend  monitor  were  recorded.  For  all 
comparative  ABG  samples  the  patient  was  quiet  and  no 
ventilator  changes  were  made  in  the  10  min  prior  to  sam- 
pling. Monitors  were  set  to  read  all  blood  gas  values  at 
37  '  C.  All  blood  gas  samples  were  drawn  by  the  attending 
nurse  and  were  immediately  brought  to  the  laboratory  for 
analysis  by  a  laboratory  technician.  All  samples  were  an- 
alyzed within  5  min.  ABG  samples  were  analyzed  using  a 
standard   laboratory  analyzer  (ABL  725.   Radiometer. 


Respiratory  Care  •  June  2002  Vol  47  No  6 


683 


Clinical  Validation  of  a  Continuous  Intravascular  Neonatal  Blood  Gas  Sensor 


Copenhagen.  Denmark).  The  respiratDiv  therapist  assigned 
to  the  NICU  reeorded  tiie  laboratory  values  and  the 
Neotrend  monitor  data. 

At  the  onset  of  the  study  it  was  our  usual  practiee  to 
place  UACs  in  low  position  (L3-4).  As  the  study  pro- 
gressed we  placed  some  catheters  in  high  position  (T8- 
10).  Though  this  study  was  not  designed  to  compare  val- 
ues obtained  from  high  and  low  sensor  positions,  we  present 
and  e\aluate  the  data  obtained  from  the  high  and  low 
measurement  sites. 

We  used  Bland- Altman  analysis  to  determine  the  degree 
of  agreement  between  the  2  measurement  methods.'''  Re- 
sults were  also  analyzed  using  linear  regression.  Compar- 
isons were  made  for  pH,  Paco,  ^^^  Pao,-  The  duration  of 
proper  sensor  functioning  and  ease  of  placement  were  also 
documented.  Successful  and  failed  sensor  insertions  were 
recorded,  as  well  as  the  duration  (in  hours)  of  sensor  func- 
tioning. Sensors  that  fail  before  removal  of  the  UAC  can 
be  replaced.  All  failed  sensors  were  returned  to  the  man- 
ufacturer for  examination. 

Results 

Twenty-three  neonates  (57%  male)  were  enrolled. 
Mean  ±  SD  gestational  age  was  30.8  ±  6.3  weeks  (range 
23-40  wk).  Mean  ±  SD  birth  weight  was  1.759  ±  1,273  g 
(range  490-4.300  g).  Twenty-seven  sensor  placement  at- 
tempts were  made,  of  which  21  (78%)  were  successful.  Table 
1  shows  gestational  age.  birth  weight,  and  catheter/sensor 
placement  data. 

The  duration  of  sensor  use  ranged  from  1  to  304  hours 
(from  3  to  304  hours  in  high  position  and  from  1  to  91 
hours  in  low  position).  Nine  sensors  were  used  for  >  72 
hours  (1  in  low  and  8  in  high  position).  One  sensor  failed 
25  hours  following  insertion.  Ten  sensors  functioned  well 
until  the  infants  no  longer  needed  a  UAC.  Eleven  sensors 
were  removed  prior  to  UAC  discontinuation.  Two  UACs 
were  inadvertently  dislodged  and  the  resulting  UAC  posi- 
tion was  deemed  inappropriate  for  sensor  use.  Blood  could 
not  be  drawn  from  3  UACs  with  the  sensor  extended.  Two 


sensors  were  removed  at  the  discretion  of  the  attending 
physician.  Three  sensor  cables  were  inadvertently  discon- 
nected. One  sensor  failed.  Initial  bias  adjustments  were 
made  for  2  of  21  sensors. 

A  total  of  244  blood  samples  were  drawn  for  compar- 
ison with  the  sensor  readings  (219  with  the  UAC  in  high 
position  and  25  with  the  UAC  in  low  positit)n).  Figures 
2-4  show  Bland-Altman'^  plots  for  each  variable,  in  high 
position,  low  position,  and  combined  positions.  For  pH, 
bias  was  0.03  in  the  low  UAC  position  (see  Fig.  2A)  and 
zero  in  the  high  position  (see  Fig.  2B),  which  suggests 
better  agreement  between  laboratory  and  Neotrend  values 
measured  in  the  high  position  (p  <  0.001).  The  pH  pre- 
cision was  ±  0.08  in  low  position  and  ±  0.06  at  2  standard 
deviations  in  the  high  position.  Figure  2C  shows  bias  of 
zero  and  precision  of  ±  0.06  at  2  standard  de\iations  for 
combined  high  and  low  UAC  placement  for  pH.  Figure  3C 
shows  bias  of  3  and  precision  of  8  at  2  standard  deviations 
for  combined  high  and  low  P^co,.  Figure  4C  show  s  bias  of 
4  and  precision  of  ±  27  at  2  standard  deviations  for  P^q, 
in  combined  high  and  low  position. 

Neotrend  pH  data  were  w  ithin  ±  0.03  of  the  laboratory 
measurements.  Paco,  values  were  within  ±  4  mm  Hg. 
Though  intravascular  monitoring  devices  are  not  required 
to  meet  standards  for  laboratory  instruments,  the  pH  and 
Paco,  data  from  the  Neotrend  sensor  fall  within  the  accu- 
racy range  required  for  discrete  blood  gas  analyzers. 

Discussion 

In  this  study  we  evaluated  an  intravascular  continuous 
blood  gas  monitor  with  a  sensor  designed  for  neonatal  use, 
and  compared  it  to  a  laboratory  reference  system.  The 
system  was  easy  to  use  and  accurate.  Though  we  did  not 
randomize  patients  to  high  or  low  catheter  position,  our 
data  suggest  that  the  sensor  is  easier  to  insert  and  performs 
better  when  the  UAC  is  placed  in  high  position. 

We  had  a  wide  range  of  blood  gases  for  comparison.  We 
studied  patients  with  blood  gas  values  throughout  the  range 
seen  clinically,  with  pH  values  from  7.16  to  7.58.  Paco, 


Table  1.      Gestational  Age.  Birth  Weight,  and  Sensor  Position 


Low  Position* 


High  Position 


All 


Gestational  age  (mean  ±  SD  wk) 

Gestational  age  range  (wk) 
Birth  weight  (mean  i  SD  g) 
Birth  weight  range  (g) 
Successful  placement  (n) 
Failed  placement  in) 


34.9  ±  6 

24^0 

2,453  ±  1.304 

520-4.300 

5  (56'7r)» 

4  (44%) 


•  Low  position  of  umbilical  anery  calhelcr  was  between  L.*  and  L4. 

'  High  position  of  umbilical  ancry  calhelcr  was  between  T8  and  TIO- 

*  High  placement  versus  low  placement:  p  =  0.1358  using  Fisher's  exact  test. 


28.2  ±5.1 

23^0 

1,314  ±  1.071 

490-3.844 

16  (89%)* 

2  (11%) 


30.8  ±  6.3 

23-40 

1.759  ±  1.273 

490-4.300 

21  (78%) 

6  (22%) 
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Fig.  2.  Bias  and  precision  of  pH  measurements  with  the  Neotrend 
blood  gas  monitohng  system.  The  pH  difference  is  the  laboratory 
value  minus  the  Neotrend  sensor  value.  The  average  pH  is  the 
average  of  the  laboratory  and  Neotrend  values.  The  bias  is  plotted 
as  the  solid  horizontal  line.  Values  closest  to  zero  indicate  minimal 
bias,  or  better  agreement.  The  dotted  lines  represent  *  2  standard 
deviations,  or  the  95%  confidence  limits  (precision).  A.  Values 
obtained  vuith  catheters  in  low  position  (L3-L4).  B.  Values  obtained 
with  catheters  in  high  position  (T8-T10).  C.  Combined  values. 
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Fig.  3.  Bias  and  precision  of  Paco,  measurements  with  the  Neotrend 
blood  gas  monitoring  system.  The  Paco,  difference  is  the  labora- 
tory value  minus  the  Neotrend  sensor  value.  The  average  Paco;  is 
the  average  of  the  laboratory  and  Neotrend  values.  The  bias  is 
plotted  as  the  solid  honzontal  line.  Values  closest  to  zero  indicate 
minimal  bias,  or  better  agreement.  The  dotted  lines  represent  ±  2 
standard  deviations,  or  the  95%  confidence  limits  (precision).  A. 
Values  obtained  with  catheters  in  low  position  (L3-L4).  B.  Values 
obtained  with  catheters  in  high  position  (T8-T10).  C.  Combined 
values. 


values  from  23  to  66  mm  Hg,  and  P^q,  values  from  25  to 
205  mm  Hg.  The  system  performed  well  over  the  entire 
clinical  range. 

Other  fiberoptic  blood  gas  monitors  have  been  studied 
and  found  to  produce  accurate  information.'''   "'  The 


Neotrend  system  has  a  key  difference  from  those  previ- 
ously reported:  no  blood  is  withdrawn  from  the  patient's 
vascular  system  at  any  time  during  monitoring.  Thus,  true 
continuous  monitorine  can  he  achieved  without  anv  added 
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Fig.  4.  Bias  and  precision  of  P^q  ,  measurements  with  the  Neotrend 
blood  gas  monitoring  system.  The  P^o,  difference  is  the  laboratory 
value  minus  the  Neotrend  sensor  value.  The  average  P^q,  is  the 
average  of  the  laboratory  and  Neotrend  values.  The  bias  is  plotted 
as  the  solid  horizontal  line.  Values  closest  to  zero  indicate  minimal 
bias,  or  better  agreement.  The  dotted  lines  represent  +  2  standard 
deviations,  or  the  95%  confidence  limits  (precision).  A.  Values 
obtained  with  catheters  in  low  position  (L3-L4).  B.  Values  obtained 
with  catheters  in  high  position  (T8-T10).  C.  Combined  values. 


risk  troni  blood  loss  or  contamination  other  than  that  im- 
plicit with  an  indwelliML;  calhetor.  In  pre-term  infants,  even 
the  hriel  hemodynamic  change  resulting  from  hlood  with- 
drawal into  an  analyzer  and  its  subsequent  relurn  after 
analysis  might  have  clinical  impael. 


Potential  limitations  to  this  study  melude  the  known 
differences  in  results  between  different  blood  gas  analyz- 
ers, the  relatively  small  nimiber  of  patients  studied,  and  the 
lack  of  randomization  between  high  and  h)\\  catheter  po- 
sition. Specimen  transport  to  the  laboratory  can  result  in 
measurement  inaccuracy,  which  increases  with  increasing 
time  and  distance."''^  Likewise,  red  cell  sedimentation, 
excessive  heparin,  or  air  bubbles  within  the  specimen  are 
all  potential  confounders  that  do  not  occur  with  an  in- 
dwelling continuous  system.  Our  blood  specimens  were 
processed  within  5  min  of  collection,  but  it  is  possible  that 
different  results  might  have  been  obtained  if  a  bedside 
laboratory  blood  gas  analyzer  had  been  used.  Our  results 
suggest  that  catheter  position  impacts  both  ease  of  sensor 
placement  and  accuracy  of  results,  but  a  prospective,  ran- 
domized study  would  be  necessary  to  test  that  hypothesis. 

Conclusions 

We  found  the  Neotrend  fiberoptic  continuous  blood  gas 
monitoring  system  safe,  easy  to  use.  and  accurate  in  neo- 
nates suffering  respiratory  failure.  In  addition  to  the  valu- 
able clinical  information  provided  by  a  continuous  moni- 
toring system,  there  is  great  potential  for  the  safer  use  of 
mechanical  ventilation,  decreased  iatrogenic  blood  loss  and 
donor  exposure,  and  cost  savings.  Continuous  ABG  mon- 
itoring will  not  completely  replace  laboratory  sampling, 
but,  like  continuous  measurement  of  oxygen  saturation  at 
the  bedside,  it  may  extend  the  clinician's  ability  to  recog- 
nize and  intervene  in  complex  clinical  problems. 
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Case  Reports 


Independent  Lung  Ventilation  in  a  Patient 
with  Complex  Congenital  Heart  Disease 

Donna  Levine  MEd  RRT,  Tina  Carmichael  RRT.  and  Peter  C  Laussen  MBBS 


Independent  lung  ventilation  (ILV)  is  recognized  as  a  method  of  treating  unilateral  lung  disease.  We 
report  the  use  of  IL\  in  a  22-year-old  woman  with  acute  respiratory  failure  and  complex  congenital 
heart  disease  with  different  sources  of  left  and  right  pulmonary  blood  flow.  She  had  a  palliated 
single-\entricle  circulation  with  pulsatile  pulmonary  blood  How  from  an  aorto-pulmonary  central 
shunt  to  her  left  lung  and  nonpulsatile  pulmonary  blood  How  via  a  classic  Glenn  shunt  (superior 
vena  cava  to  right  pulmonary  artery).  On  admission  she  was  hypoxemic  and  hypotensive.  Her  chest 
radiograph  revealed  opacification  of  the  left  lung  and  hyperinflation  of  the  right  lung,  which  was 
more  compliant  than  the  left  lung.  Following  placement  of  a  double-lumen  endotracheal  tube, 
synchronized  ILV  was  instituted.  IL\  allowed  us  to  deliver  lower  \entilator  pressure  to  the  right 
lung,  which  alleviated  the  over-distention  of  the  right  lung  (to  which  pulmonary  blood  flow  was 
supplied  by  the  nonpulsatile  Glenn  shunt)  while  higher  airway  pressures  were  delivered  to  the 
diseased  left  lung,  to  facilitate  re-expansion.  There  was  immediate  improvement  in  gas  exchange 
and  blood  pressure.  After  3  days  the  double-lumen  endotracheal  tube  was  changed  to  a  single- 
lumen  tube.  She  was  extubated  on  day  6  and  discharged  on  day  13.  This  case  demonstrates  the 
advantage  of  ILV  in  a  patient  with  abnormal  pulmonary  blood  flow  and  different  lung  mechanics 
in  the  left  and  right  lungs.  Key  words:  imlepcndciu  luiii;  vciuilaliou.  ILV.  congenital  heuri  disease. 
Waterstoii  slum!.  Glenn  shunt,  doiihle-liinten  endotracheal  tube.    (RespirCare  2()02:47(6):688-692] 


Introduction 

Independent  lung  \entilation  (ILV)  is  defined  as  venti- 
lating the  left  and  right  lungs  selectively.  ILV  is  beneficial 
in  treating  unilateral  lung  disease,  when  there  are  substan- 
tial differences  in  lung  compliance  or  pulmonary  blood 
flow  to  the  right  and  left  lungs.'-  The  first  reported  use  of 
ILV  was  in  1 93 1 ,  for  thoracic  surgery.-  Although  not  widely 
used  in  the  critical  care  setting.  ILV  has  proven  successful 
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for  patients  v\ ith  asNtninetric  lung  disease,  particularly  in 
the  setting  of  refractory  hypoxemia  or  a  major  deteriora- 
tion in  cardiac  output  from  increased  intrathoracic  pres- 
sure secondary  to  positive-pressure  ventilation  (PPV)  ap- 
plied to  both  lungs.  This  may  be  especially  itnportani  for 
patients  with  different  sources  of  left  and  right  pulinonarx 
blood  flow. 

Although  outcomes  for  patients  with  all  types  of  con- 
genital heart  disease  have  substantially  improved  over  the 
years,  previous  palliative  surgery  or  sequelae  following 
corrective  surgery  may  be  associated  with  important  phys- 
iologic limitations,  particularly  with  regard  to  pulmonary 
blood  flow.  This  case  report  describes  an  adult  with  pal- 
liated congenital  heart  disease  and  different  sources  of 
pulmonary  blood  flow,  and  in  whom  ILV  enabled  success- 
ful treatment  of  acute  respiratory  failure. 

Case  Summary 

A  22-year-old.  ,s3-kg  wninan  with  complex  palliated 
conaenital  heart  ilisease  was  referred  lo  our  iiistiiuiion  lor 
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Double-Outlet 
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Fig.  1.  Basic  cardiac  anatomy  and  origin  of  right  and  left  pulmo- 
nary blood  supply.  This  patient  had  a  double-inlet/double-outlet 
right  ventricle  with  pulmonary  atresia,  blood  flow  to  the  right  lung 
through  a  Glenn  shunt  (supenor  vena  cava  anastomosis  to  the 
right  pulmonary  artery),  and  blood  flow  to  the  left  lung  through  a 
central  shunt  (synthetic  tube  graft  from  the  innominate  artery  to 
the  left  pulmonary  artery).  PA  ^  pulmonary  artery.  SVC  superior 
vena  cava.  RV  =  right  ventricle.  LV  ^  left  ventricle. 


;i  ccntial  sluinl  civalctl  Ironi  the  ascending  aorla  to  tlic 
loll  pulin(inar\  arlcis.  Because  of  the  high  pressures  to 
the  left  inilinonary  artery  IVoni  the  central  shunt,  she  de- 
\eloped  pulmonary  \aseiilar  obstructi\e  disease  to  the  left 
pulmonary  eireulation  and  was  therefore  (.leemed  unsuit- 
ahle  for  a  modified  Fontan  procedure.  Howe\er.  serial 
echocardiograms  continued  to  show  good  right  systemic 
ventricle  systolic  function,  v^ithout  substantial  atrioven- 
tricular oi'  semilunar  valvular  insufficiency.  Her  baseline 
oxygen  saturation  was  85'f .  She  led  an  active  lifestyle  and 
attended  college.  The  Glenn  shunt  supplied  blood  How  to 
the  right  middle  and  lower  lobes.  The  aortic-to-pulmonary 
artery  central  shunt  supplied  pulsatile  blood  tlow  to  the 
left  lung  and  the  right  upper  lobe  (see  Fig.  I),  F'lilmonary 
blood  flow  to  regions  supplied  by  the  Glenn  shunt  was 
therefore  nonpulsatile  and  dependent  on  the  transpulmo- 
nary  pressure  gradient  from  the  superior  vena  cava  to  the 
atrium. 

After  transfer  from  an  out-of-state  community  hospital 
and  on  arrival  to  our  intensive  care  unit,  the  patient  was 
deeply  cyanotic,  with  poor  extremity  perfusion  and  dimin- 
ished aeration  of  the  left  lung  by  auscultation.  .She  was 
receiving  dopamine  at  20  /xg/kg/min  and  epinephrine   I 


consideration  of  extracorporeal  membrane  oxygenation  be- 
cause of  left  lung  consolidation  and  acute  respiratory  fail- 
ure. She  presented  initially  to  her  local  emergency  room 
with  complaints  of  a  nonproductive  cough  associated  with 
fever,  myalgia,  and  arthralgia  for  2  days.  On  examination 
she  was  deeply  cyanotic,  tachypneic,  and  had  chest  wall 
retractions  from  increased  work  of  breathing.  Blood  oxy- 
gen saturation  measured  \  ia  pulse  oximetry  was  527r  while 
patient  breathed  supplemental  oxygen  via  nasal  cannula. 
An  admission  chest  radiograph  showed  complete  opacifl- 
cation  of  the  left  lung,  and  a  subsequent  computed  tomo- 
gram showed  consolidation  of  the  left  lung,  without  pleu- 
ral fluid.  Because  of  acute  respiratory  distress  and  severe 
hypoxemia  she  was  intubated,  following  which  she  be- 
came hypotensive  and  required  support  with  fluid  replace- 
ment and  increasing  vasoactive  support. 

Her  cardiac  diagnosis  included  a  double-inlet/double- 
oullet  right  ventricle,  hvpoplastic  left  ventricle,  multiple 
ventricular  septal  defects,  and  pulmonary  valve  atresia. 
Essentially  she  had  a  single  ventricle  (morphologic  right 
ventricle)  (Fig.  I ).  Because  of  pulmonary  atresia  and  hy- 
poplasia of  the  pulmonary  ventricle,  as  a  neonate  she  had 
pulmonary  blood  flow  established  by  placement  of  a  Wa- 
terston  shunt  from  the  ascending  aorta  to  the  right  pulmo- 
nary artery.  At  age  7  the  blood  supply  to  the  right  and  left 
pulmonary  arteries  were  separated,  constiuctiiig  a  classic 
Glenn  shunt  (superior  vena  cava  to  right  pulmonary  artery. 
disconnecting  the  right  and  left  pulmonary  arteries)  and 
maintaining  blood  supply  to  the  left  pulmonary  artery  via 


Fig.  2.  Chest  radiograph  at  admission.  A  single-lumen  endotra- 
cheal tube  is  in  place.  Note  opacification  of  the  left  lung  and  hy- 
perinflation of  the  right  lung.  At  this  point,  ventilator  peak  inspira- 
tory pressure  was  31  cm  HjO,  PEEP  was  1 0  cm  H,0,  mean  airway 
pressure  was  16  cm  H^O,  fraction  of  inspired  oxygen  was  1,0,  and 
blood  oxygen  saturation  (measured  via  pulse  oximetry)  was  55%, 
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Table  \.       Ventilation  Settings  and  Gas  Exchange  Before.  During,  and  Alter  Independent  Lung  Ventilation 


PIP/PEEP 
(cm  H2O) 


p 

•  aw 

(cm  H2O) 


Vt 
(cc) 


f 

(breaths/min) 


(%) 


pH 


(mm  Pig) 


TaO, 

(mm  Hg) 


Before  ILV  (single-lumen  ET) 

31/10 

16.1 

500 

30 

1.00 

55 

7.39 

45 

32 

At  1 2  hours  of  ILV 

L  32/10 

17.3 

250 

25 

0.80 

71 

7.51 

27 

41 

R  16/4 

7.7 

265 

25 

0.80 

At  24  hours  of  ILV 

L  30/10 

12.0 

220 

1  ** 

0.55 

80 

7.40 

49 

49 

R  16/4 

6.2 

380 

I  -) 

0.55 

At  72  hours  of  ILV 

L  17/4 

5.3 

220 

1  ^ 

0.40 

88 

7,42 

48 

55 

R  15/4 

5.2 

280 

P 

0.40 

Single-lumen  ETT 

25/4 

7.0 

.SOO 

1  -i 

0.50 

83 

7.41 

47 

51 

After  extubation 

0.45 

89 

7.48 

33 

46 

Pip  =  pealv  inspirdlory  pressure 

PEEP  -  positive  end-expiratory  pressure 

Paw  -  rnean  airway  pressure 

Vr  =  tidal  volume 

f  =  respiratory  rate 

F102  ~  fraclion  of  inspired  oxygen 

Spoi  =  blood  oxygen  saiuralion  measured  via  pulse  oximetry 

ILV  =  independent  lung  venlilalion 

ET  =  endotracheal  tut)e 

PBF  =  pulmonary  blood  flow. 


/xg/kg/min  to  maintain  a  systolic  blood  pressure  of  90-10(J 
mm  Hg.  She  was  intubateiJ  antJ  ventilated  by  hand,  with  a 
high  peak  inspiratoiy  pressure  and  initial  blood  gas  values 
(while  on  100%  oxygen)  of  pH  7. 15,  P^co,  -^-^  """"  Hg,  and 
P^o,  42  mm  Hg.  Because  of  her  underlying  cardiac  pa- 
thology, the  high  peak  inspiratory  and  resultant  mean  in- 
trathoracic pressure  compromised  her  cardiac  output  by 
severely  reducing  venous  return  and  blood  flow  through 
the  Glenn  shunt  to  the  systemic  ventricle.  She  had  pulmo- 
nary blood  flow  to  her  left  lung  via  the  central  shunt, 
although  the  chest  radiograph  showed  complete  opacifica- 
tion because  of  collapse  and  consolidation.  The  right  lung 
was  preferably  ventilated  because  of  its  higher  compli- 
ance, and  the  chest  radiograph  showed  that  it  was  hyper- 
inflated  (Fig.  2).  She  therefore  had  ventilation  but  limited 
perfusion  to  the  right  lung,  and  perfusion  but  liinited  ven- 
tilation to  the  left  lung.  She  remained  severely  hypoxemic 
despite  a  high  level  of  PPV  (pressure-controlled  mode 
with  32  cm  H^O  inspiratory  pressure  and  10  cm  H^O 
positive  end-expiratory  pressure  |PEEP|)  and  continued  to 
require  substantial  inotrope  and  vasopressor  support  be- 
cause of  hypotension. 

Because  of  the  unilateral  nature  of  her  lung  disease  and 
the  potential  benefit  of  ventilating  the  right  lung  at  lower 
airway  pressures  to  optimize  pulmonary  blood  flow  through 
the  Glenn  shunt,  a  left-sided  35  French  double-lumen  en- 
dotracheal tube  (ETT)  was  placed  to  enable  ILV.  Tube 
placement  was  confirmed  by  fiberoptic  bronchoscopy. 

Thick  yellow  secretions  were  aspirated  during  the  bron- 
chosct)py  and  analyzed.  Broad-spectrum  antibiotics  were 
started.  There  were  no  complications  associated  with  the 
double-lumen  ETT  intubtilion.  Technical  aspects  of  dou- 


ble-lumen ETTs  have  been  reviewed  by  BerumoL  and  by 
Barash  et  al.-* 

To  initiate  mechanical  ventilation  the  2  lumens  were 
connected  to  separate  Servo  900C  ventilators  (Siemens, 
Solna,  Sweden):  a  "master-slave  cable"  connector  between 


^^Wif' 


i 


i 


Fig.  3.  Chest  radiograph  1  (day  after  atdmission.  A  left-sicfetd  dou- 
ble-lumen endotracheal  tube  is  in  place  for  independent  lung  ven- 
tilation. At  this  point  the  left  lung  mean  airway  pressure  was  1 2  cm 
HjO,  and  the  left  lung  has  re-expanded.  In  the  right  lung  mean 
airway  pressure  was  6  cm  HjO,  and  the  right  lung  is  less  hyper- 
inflated.  At  this  point,  fraction  of  inspired  oxygen  was  0.55  and 
blood  oxygen  saturation  (measured  via  pulse  oximetry)  was  80%. 
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the  2  ventilators  allowed  simultaneous  initiation  of  insjii- 
ration  to  both  linis:s.  The  left  lung  was  ventilated  using  a 
tinie-cyeled.  pressure-eontrolled  mode  and  PFiEP,  to  gen- 
erate an  expiratory  tidal  volume  o\'  5  niL/kg.  The  right 
lung  was  also  ventilated  with  that  mode,  but  w  ith  a  lower 
airway  pressure  and  PEEP,  to  maintain  the  same  tidal 
volume  of  ."S  niL/kg. 

Table  1  show.s  the  airway  pressures  and  gas  exehange 
values  before,  during,  and  after  ILV.  Within  24  hours 
oxygenation  had  substantially  improved.  Selectively  ven- 
tilating the  left  lung  at  a  high  mean  airway  pressure  re- 
expanded  the  left  lung,  with  chest  radiograph  showing 
near  complete  resolution  of  the  consolidation  process  (Fig. 
3).  Ventilating  the  right  lung  at  a  lower  mean  intrathoracic 
pressure  improved  pulmonary  blood  flow  through  the  Glenn 
shunt  and  therefore  preload  to  the  systemic  ventricle.  Sys- 
temic blood  pressure  and  perfusion  improved,  and  the  do- 
pamine and  epinephrine  infusions  were  rapidly  weaned 
once  ILV  was  established.  As  the  left  lung  pathology  re- 
solved, conventional  mechanical  ventilatory  support 
through  a  single-lumen  ETT  was  resumed  after  72  hours, 
and  the  patient  was  successfully  extubated  after  1 50  hours. 
The  patient  was  discharged  13  days  after  admission,  with 
blood  t)xygen  saturation  (on  room  air)  back  to  baseline 
(86%).  She  graduated  from  college  6  months  following 
discharge  from  the  hospital. 

Discussion 

This  case  report  highlights  the  difficulties  that  can  occur 
during  PPV  in  patients  with  complex  congenital  heart  dis- 
ea.se  who  have  different  sources  of  left  and  right  pulmo- 
nary blood  flow.  Specifically,  in  our  patient  pulmonary 
blood  flow  to  the  left  lung  and  right  upper  lobe  was  pul- 
satile from  a  central  shunt  connected  to  the  aorta.  Blood 
flow  to  the  right  middle  and  lower  lung  was  nonpulsatile 
and  dependent  on  venous  pressure  within  the  Glenn  shunt. 

Glenn  was  the  first  to  show  that  systemic  venous  return 
could  tlow  passively  through  the  pulmonary  circulation 
without  requiring  assistance  from  the  right  ventricle,  when 
he  constructed  a  unidirectional  shunt  as  a  palliative  pro- 
cedure for  tricuspid  atresia.^ 

The  Glenn  shunt  is  rarely  performed  today,  as  the  pul- 
monary arteries  are  not  in  continuity  and  palliation  is  short- 
lived. In  contrast,  a  complete  cavopulmonary  connection 
(Fontan  procedure),  is  a  commonly  used  repair  for  many 
forms  of  single-ventricle  congenital  heart  disease.  As  with 
the  Glenn  shunt,  the  complete  cavopulmonary  connection 
enables  effective  pulmonary  blood  flow  without  requiring 
assistance  from  the  right  ventricle.  Changes  in  mean  in- 
trathoracic pressure  and  pulmonary  \ascular  resistance  may 


therefore  ha\e  an  imiiortaiit  effect  on  [uilmonary  blood 
flow  in  this  circumstance. 

finder  ideal  conilitions  a  Iranspulmonary  gradient  of 
5-10  mm  Hg  will  allow  adequate  blood  flow  across  the 
pulmonary  vascular  bed  anil  siilficienl  |ireload  to  the  sys- 
temic \  entricle  to  maintain  cardiac  output.  Pulmonary  blood 
flow  is  biphasic  lollowing  a  cavopulmonary  connection, 
and  early  resumption  of  spontaneous  ventilation  is  reci)m- 
mended  to  offset  the  tlctrimcnlal  effects  of  PPV.''  Doppler 
analysis  has  shown  that  pulmonary  blood  tliiw  occurs  pre- 
dominantly dining  inspiration  in  a  spontaneously  breath- 
ing patient  (ie,  when  the  mean  intrathoracic  pressure  is 
subatmospheric).''^  The  use  of  PEEP  is  also  debated  in 
these  patients.  The  beneficial  effects  of  increasing  func- 
tional residual  capacity,  maintaining  lung  volume,  and  re- 
distributing lung  water  need  to  be  balanced  against  the 
possible  detrimental  effects  of  increasing  mean  intratho- 
racic pressure. 

In  our  patient,  who  had  regional  differences  in  pulmo- 
nary blood  flow,  ILV  improved  gas  exchange  and  sys- 
temic hemodynamics  in  the  setting  of  asymmetric  lung 
disease.  The  higher  lung  compliance  and  lower  airways 
resistance  in  the  unaffected  right  lung  meant  that  during 
conventional  mechanical  ventilation  with  a  time-cycled, 
pressure-controlled  mode  most  of  the  ventilation  was  dis- 
tributed to  the  right  lung,  resulting  in  hyperinflation  and 
elevated  mean  intrathoracic  pressure,  which  adversely  af- 
fected pulmonary  blood  flow.  In  addition,  preload  to  the 
systemic  ventricle  was  diminished,  which  contributed  to 
low  cardiac  output  and  hypotension. 

ILV  provided  appropriate  tidal  volume  delivery  to  the 
right  lung  at  much  lower  mean  intrathoracic  pressure,  which 
immediately  improved  pulmonary  blood  tlow  through  the 
Glenn  shunt  and  improved  gas  exchange  and  preload  to 
the  single  ventricle.  As  a  result,  inotrope  and  vasopressor 
support  was  weaned  soon  after  ILV  was  established.  A 
much  higher  mean  intrathoracic  pressure  was  delivered  to 
the  diseased  left  lung,  without  compromising  gas  exchange 
or  cardiac  output,  which  enabled  re-expansion  of  the  left 
lung  and  rapid  resolution  of  the  underlying  process. 

This  case  demonstrates  the  advantage  of  ILV  in  a  pa- 
tient with  different  sources  of  left  and  right  pulmonary 
blood  flow  and  altered  lung  mechanics.  Despite  the  com- 
plex nature  of  severe  congenital  cardiac  defects  and  their 
palliations,  many  patients  are  able  to  maintain  relatively 
normal  activity  and  lifestyle.  However,  during  acute  ill- 
ness, important  disturbances  can  occur,  contributing  to 
acute  cardiorespiratory  failure,  as  demonstrated  by  our  pa- 
tient. The  complex  physiology  of  many  palliated  congen- 
ital cardiac  defects  means  that  close  collaboration  between 
the  intensivist,  cardiologist,  and  respiratory  therapist  is 
mandatory  when  planning  management  strategics  for  these 
patients. 
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Unilateral  Expiratory  Airflow  Obstruction 
During  Forced  Exhalation 

Unuir  Hatipoglu  MD,  Franco  Laghi  MD.  Steven  E  Cattapan  MD,  and  Arcot  J  Chandrasekhar  MD 


We  present  a  case  of  unilateral  airflow  obstruction  during  forced  exhalations.  The  patient  presented 
with  episodic  dyspnea  and  wheezing,  particularly  when  he  lay  in  the  right  lateral  decubitus  position. 
Spirometry  revealed  symmetric,  marked  reductions  in  forced  expiratory  volume  in  the  first  second 
and  forced  vital  capacity  values,  while  plethysmography  demonstrated  a  near-normal  total  lung 
capacity.  Bronchoscopy  revealed  a  polypoid  lesion  in  the  right  main  bronchus,  of  which  biopsy 
specimens  demonstrated  adenoid  cystic  carcinoma.  Following  a  right  pneumonectomy,  total  lung 
capacity  was  markedly  reduced;  interestingly,  however,  spirometry  was  essentially  unchanged. 
This  case  is  an  elegant  illustration  of  the  effects  of  respiratory  maneuvers  and  body  position  on 
airway  caliber.  Key  words:  adenoid  cystic  curcinoimi.  pulmonary  function  lestinii,  PFT.  airflow  ob- 
struction.    [Respir  Care  2002;47(6):693-695| 


Introduction 


Case  Report 


This  case  describes  a  60-year-old  nonsmoking  man 
with  cystic  adenoid  carcinoma  obstructing  the  right  main 
bronchus.  His  presenting  symptoms  misled  his  physicians 
to  beheve  he  had  asthma.  One  prominent  finding  was  that 
the  patient  had  more  pronounced  symptoms  when  in  right 
lateral  decubitus  position — a  result  of  positional  changes 
in  airway  caliber.  Pulmonary  function  testing  was  also 
consistent  with  obliteration  of  airflow  through  the  right 
main  bronchus  when  airway  caliber  was  reduced,  such  as 
during  the  forced  vital  capacity  maneuver  or  when  expir- 
ing below  the  functional  residual  capacity.  Bronchoscopy 
provided  the  correct  diagnosis. 


Umur  Hatipiiglu  MD.  Franco  Laghi  MD,  Steven  E  Catlapan  MD.  and 
Arcot  J  Chandrasekhar  MD  are  affihated  with  the  Division  of  Pulmonary 
and  Critical  Care  Medicine.  Edward  Hines  Jr  Veterans  Affairs  Hospital 
and  with  Loyola  University  Medical  Center.  Maywood.  Illinois. 

This  work  was  performed  at  Loyola  University  Medical  Center.  May- 
wood.  Illinois,  and  was  supported  by  grants  from  the  Veterans  Affairs 
Research  Service.  Umur  Hatipoglu  MD  and  Steven  E  Cattapan  MD  were 
supported  by  grants  from  the  Chest  Foundation  of  the  American  College 
of  Chest  Physicians. 

Correspondence:  Franco  Laghi  MD,  Division  of  Pulmonary  and  Critical 
Care  Medicine,  Edward  Hines  Jr  VA  Hospital,  Mailing  route  II  IN. 
Building  I.  Room  E449.  Hines  IL  60141.  E-mail:  naghi@lumc.cdu. 


A  60-year-old  man  presented  with  episodic,  progressive 
shortness  of  breath  and  infrequent  hemoptysis  over  a  3-year 
period.  The  patient  did  not  complain  of  orthopnea,  but  he 
did  feel  more  dyspneic  when  lying  on  his  right  side.  Oc- 
casional wheezing  led  to  a  diagnosis  of  asthma,  with  un- 
successful treatment.  He  was  otherwise  healthy,  used  no 
medications,  and  had  no  allergies.  His  medical  history  was 
notable  for  borderline  hypertension.  He  had  never  smoked 
and  did  not  consume  alcohol.  On  physical  examination  the 
patient  was  a  thin  man  in  no  distress,  with  unlabored  breath- 
ing. His  blood  pressure  was  130/80  mm  Hg,  his  pulse  was 
76  beats/min,  and  his  respiratory  rate  was  18  breaths/min. 
Chest  auscultation  revealed  wheezing,  but  the  remainder 
of  his  examination  was  unremarkable. 

Table  1  shows  the  results  of  the  pulmonary  function 
tests.  The  first  chest  radiograph  showed  slight  elevation  of 
the  right  hemidiaphragm  (Fig.  1). 

A  bronchoscopy  was  performed  to  investigate  the  eti- 
ology of  the  hemoptysis,  and  a  large  tan-pink,  lobulated. 
polypoid,  soft  lesion  was  found  in  the  right  main  bronchus. 
The  bronchoscope  could  not  be  advanced  beyond  the  le- 
sion. The  lesion  moved  during  respiration,  with  complete 
occlusion  of  the  airway  during  forceful  exhalation  (Fig.  2). 
Biopsy  of  the  lesion  revealed  adenoid  cystic  carcinoma, 
cribriform  type,  for  which  the  patient  underwent  a  right 
pneumonectomy  (Fig.  3).  Because  the  operative  specimen 
showed  positive  bronchial  margins,  the  patient  received 
adjuvant,  computed  tomography-guided,  3-dimensional, 
conformal  radiotherapy  to  the  right  bronchial  stump.  Nine 
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Table  1.       Pulmonary  hiuicliiin  Test  Results 


Preoperative 

Postoperative 

FVC(L) 

2.02  (53)* 

1.75(46) 

FEV,  (L) 

1.6(52) 

1.46(48) 

FEV,/FVC  (%) 

79 (99) 

83(105) 

FRC  (L) 

3.16(96) 

1.71  (51) 

ERV  (L) 

o.o.";  (4) 

0.37(31) 

RV(L) 

3.11  (149) 

1.34(63) 

TLC  (L) 

5.28(89) 

3.09(52) 

RV/TLC  (<7f) 

58(178) 

43(131) 

Dlc-oc,.ci  (mL/niin/mni 

Hg) 

1S.5I67) 

15.18(56) 

D|  /V  ^  (ml/miii/mni  Hi 

i/L) 

5.9(114) 

6.27(127) 

•Values  in  parentheses  are  pervcnl  iif  predicted, 

FVC  =  forced  vital  capacity, 

reV|  =  forced  expiratory  volume  in  one  second, 

FRC  =  functional  residual  capacity 

ERV  =  expiratory  reserve  volume 

RV  =  residual  volume. 

TLC  =  total  lung  capacity. 

DLcocotT  ~  diffusing  capacity  of  the  lung  for  carbon  monoxide,  corrected  for  hemoglobin. 

D[A'^  -  dilYusion  per  unil  of  alveolar  volume 


Fig.  2.  Right  main  bronchus  (during  exhalation  (left)  antj  tjuring 
inhalation  (right).  During  exhalation  the  lobulatetj  endobronchial 
atdenoid  cystic  carcinoma  occupies  the  entirety  of  the  nght  main 
bronchus  lumen.  During  inhalation  there  is  a  small,  sickle-shaped 
opening  in  the  ventral  portion  of  the  bronchus  (near  12  o'clock 
position).  Some  pooling  of  blood  can  be  seen  in  the  dorsal  portion 
of  both  photographs  (about  4  o'clock  position). 


months  after  surgery,  repeat  pulmonary  function  testing 
showed  similar  values  of  forced  expiratory  volume  in  the 
first  second  and  forced  \  ital  capacity  (.see  Table  1 ).  One 
and  a  half  years  after  surgery,  the  patient  felt  well. 

Discussion 

A  large  mass  that  completely  occludes  an  airway  is 
associated  with  atelectasis  distal  to  the  lesion.  Airway  cal- 
iber, however,  is  also  a  function  of  respiratory  dynamics. 
Exhalation  is  associated  with  a  decrease  in  airway  caliber; 


n 


'"^H 


I 


^9w 


Fig.  1.  Chest  radiograph  obtained  before  right  pneumonectomy. 
Note  that  the  right  hemidiaphragm  is  elevated  but  the  left  lung  field 
and  mediastinum  are  normal. 


forceful  exhalation  with  an  even  greater  decrease.  A  lesion 
that  permits  inhalation  but  (hen  occludes  the  airway  during 
exhalation  (when  the  airway  caliber  is  less)  creates  a  ball- 
valve  phenomenon  leading  to  hvperintlation.  In  our  pa- 
tient, however,  the  passage  of  air  into  and  out  of  the  right 
lung  during  tidal  breathing  was  supported  by  a  near-nor- 
mal total  lung  capacity  (as  measured  b_\  plethysmography) 
and  only  minimal  right  lung  atelectasis  on  the  chest  radio- 
graph. As  the  patient  tried  to  breathe  below  functional 
residual  capacity,  continued  airwav  narrowing  pre\ented 
further  expiration  from  the  right  lung  and  led  to  low  ex- 
piratory reserve  volume  and  high  residual  \olume. 


r 


Fig.  3.  Chest  radiograph  obtained  after  nght  pneumonectomy. 
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Forceful  exhalation  led  to  early  and  complete  airway 
occlusion,  as  evidenced  by  the  spirometric  data  (see  Table 
n.  Preoperative  forced  expiratory  volume  in  the  first  sec- 
ond and  forced  \  itai  capacity  were  half  of  the  predicted 
values;  postoperative  values  were  essentially  unchanged. 
We  conclude  that  because  of  early  and  complete  airflow 
obstruction  of  the  right  lung  during  forceful  exhalation. 
preoperative  spirometry  reflected  the  flow  characteristics 
of  only  the  left  lung. 

The  plethvsmographically-measured  lung  volume,  in 
contrast  to  the  lung  volume  calculated  from  spirometry 
results,  was  dramatically  different  following  pneumonec- 
tomy (see  Table  I).  The  disparate  findings  of  spirometry 
and  plethysmography  are  a  result  of  the  different  methods 
of  measurement.  Spirometry  measures  the  volume  of  air 
exhaled  from  the  lungs,  whereas  plethysmography  corre- 
lates changes  in  the  pressure  of  air  outside  the  subject's 
body  to  the  subject's  lung  volumes:  thus,  any  compressible 
gas — such  as  the  air  in  this  patient's  right  lung — is 
measured. 

Changes  in  airway  caliber  were  also  probably  respon- 
sible for  the  worse  dyspnea  in  right  lateral  decubitus  po- 
sition. The  gravitational  effect  of  the  mediastinum  and 
abdominal  contents  decreases  the  lung  volume  of  the  de- 
pendent lung.  Decreased  lung  volume  is  associated  with 
decreased  airway  caliber  and,  in  this  patient,  led  to  early 
occlusion  of  the  right  main  bronchus.  Moreover,  perfusion 
increases  to  the  dependent  lung,  thereby  worsening  venti- 
lation-perfusion  matching  when  he  lay  on  his  right  side. 

Primary  adenoid  cystic  carcinoma  of  the  lung  typically 
presents  with  symptoms  of  bronchial  obstruction  and/or 
bronchial  irritation,  such  as  dyspnea,  wheezing,  cough, 
and  increased  sputum  production.  That  constellation  of 
symptoms  may  masquerade  as  asthma.'  -  Tracheal  loca- 
tion may  also  lead  to  stridor  and  the  sensation  of  choking. 
Hemoptysis  is  also  commonly  present.  Because  of  its  in- 
sidious growth  and  clinical  course,  diagnosis  is  typically 
made  late  (ie,  average  symptom  duration  of  4.5  years).' 


Primary  adenoid  cystic  carcinoma  of  the  lung  has  a 
relatively  indolent  course  in  most  but  not  all  cases.  Sur- 
vival with  disease  may  extend  for  18  years.'  Treatment 
with  complete  resection  of  tumor  leads  to  a  relatively  good 
prognosis;  unfortunately,  as  these  tumors  tend  to  invade 
submucosally.  positive  surgical  margins  are  common.''  Fol- 
lowing incomplete  resection,  adjuvant  radiotherapy  is  of- 
ten recommended.^  Chemotherapy  is  reserved  for  meta- 
static disease.* 

In  summary,  we  present  a  case  of  unilateral  complete 
airflow  obstruction  during  forced  exhalation.  The  lesion 
was  not  large  enough  to  occlude  the  airway  during  resting 
tidal  breathing,  but  it  was  large  enough  to  completely  oc- 
clude the  airway  during  forceful  exhalation.  The  effects  of 
respiratory  maneuvers  and  body  position  on  airway  caliber 
are  elegantly  demonstrated  in  this  case.  The  cause  of  the 
obstruction  was  a  primary  adenoid  cystic  carcinoma  of  the 
lung,  an  extremely  rare  and  often  indolent  cancer  that  can 
mimic  asthma. 
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Is  the  (iastrointt'stinal  rract  the 

Sole  Smirce  of  ()r>jaiiisnis  in 

Ventilator- Associated  Pneumonia? 


Dr  Charles  Durbin's  presciUalion.  enti- 
tled "Evidence-Based  Airway  Manage- 
ment."' to  the  Rkspirat()r\  Caki  Jounial 
Conference  on  Evidence-Based  Medicine, 
and  the  discussion  that  ensued  after  the  pre- 
sentation (December  2001  issue  of  Respi- 
ratory Care)  contain  a  wealth  of  informa- 
tion. Dr  Durbin's  numerous  references 
incorporate  ample  e\idence  justifying  the 
recommendations  that  he  makes.  In  the 
discussion  after  Dr  Durbin's  presentation. 
Dean  Hess  PhD  RRT  FAARC.  who  served 
as  Co-Chair  of  the  conference,  offered  com- 
ments that  challenge  some  of  Dr  Durbin's 
ad\isories.  The  Respiratory  Care  reader- 
ship WDukI  be  better  served  if  we  were  pro- 
vided with  specific  studies  validating  the 
points  that  Dr  Hess  listed.  For  example,  the 
liiiditigs  of  the  meta-analysis  by  Cook  et  al- 
are  questioned,  but  Dr  Hess  doesn't  provide 
any  basis  for  his  skepticism  with  regard  to 
the  Cook  et  al  data.  Dr  Hess  vocalizes  his 
hellel  lluil  the  organisms  that  access  the 
lovNct"  respiratory  tract  froin  outside  the  en- 
dotracheal/tracheostomy tube,  rather  than 
through  the  lumen  thereof,  are  solely  re- 
sponsible for  \entilatoi-associated  pneunio- 
iiia  (VAP).  but  cites  no  authoritative  refer- 
ences for  such  a  claim.  Many  clinicians,  in 
addition  to  Dr  Durbin,  have  conceded  that 
some  VAP  episodes  are  probably  attribut- 
able to  gastrointestinal  flora,  but  few  would 
contend  that  the  gastrointesiinal  tract  is  the 
sole  source  of  those  pathogens. 

Dr  Hess  goes  on  to  voice  his  belief  that 
ihe  incidence  of  VAP  is  unrelated  to  the 
choice  of  humidiftcation  device  (active  or 
passive ).  circuit  ( heated  or  unhealed ).  or  type 
of  hum  idillcation  device  (heated  water-bath, 
heal  and  motsture  exchanger,  or  heat  and 
moisture  exchanging  filter)  that  is  employed, 
citing  "some  newer  evidence."  Regrettably, 
we  are  not  provided  with  an\  references 
ihat  incorporate  that  newer  evidence.  Yet 
ihc  single  most  authoritative  study  published 
to  date  that  examines  this  issue.  Ihc  ran- 
domized controlled  trial  by  Kitlon  et  al' 
(cilcd  bs  Dr  Durbin  as  his  reference  41 )  is 
iLinoretl.  In  face-to-face  discussions  ol  this 


topic  that  Dean  Hess  and  1  have  undertaken 
in  the  past,  he  has  conectly  pointed  out  Ihat 
the  Kirton  et  al  study  is  yet  to  be  duplicated. 
Nevertheless,  the  methods  used  in  (hat  in- 
vestigation were  flawless  and  the  re.sults 
were  published  in  a  journal  that  enjoys  an 
unexcelled  reputation  for  being  authorita- 
tive and  comprehensive. 

1  have  long  been  concerned  about  both 
patients'  and  caregivers'  risk  of  exposure  to 
bacterial  microaerosols  expelled  from  me- 
chanical ventilators,  and  have  elaborated  on 
this  worrisome  issue  in  a  recent  editorial.'* 
The  placement  of  a  competent  heat  and  mois- 
ture exchanging  filter  in  the  ventilator  cir- 
cuit serves  to  protect  both  patients  and  care- 
givers from  this  hazard.  I  would  respectfully 
suggest  that  water-bath  humidifiers  can  fa- 
cilitate the  production  of  particulate  aero- 
sols laced  with  bacteria  and  viru.ses.  How- 
ever. Dr  Hess  has  voiced  his  belief  to  me,  in 
personal  conversations,  that  the  high  tem- 
peratures achieved  in  the  canisters  of  heated 
water-bath  humidifiers  can  be  expected  to 
kill  any  organisms  that  might  be  mobilized 
into  the  inspirator)  circuit.  Yet  certain  clin- 
ical studies'"  '^  contradict  such  a  claim.  Dean 
Hess  has  a  well-deserved  reputation  for  be- 
ing a  thoughtful  clinician  and  a  gifted  writer. 
We  would  all  benefit  from  any  additional 
insights  that  he  could  furnish  to  us  with 
respect  to  his  clinical  impressions. 

Robert  R  Dcmers  RRT 

Demets  Consulting  Ser\  ices 
Canrtel,  California 
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Associate  Hililor  Dean  R  Hess  responds: 

And  Now  For  the  Rest  of 
the  Story 


A  concern  related  to  the  care  of  the  me- 
chanically ventilated  patient  is  the  develop- 
ment of  VAP.'  -•  For  many  years,  this  con- 
cern focused  on  the  ventilator  circuit  and 
humidifier.  I  can  recall  earl>'  in  my  career 
that  we  changed  the  circuit  and  humidifier 
daily,  or  even  more  frequently,  in  our  at- 
teiTipt  to  decrease  the  rate  of  VAP.  Little  did 
we  know  at  the  time  that  such  efforts  prob- 
ably contributed  to  an  increased  VAP  rate. 
Mr  Demers  clearly  has  the  belief  that  the 
palieni  and  caregiv  er  are  best  served  bv  plac- 
ing a  filter  and  passive  humidifier  directly 
on  the  airway  of  the  intubated  mechanically 
ventilated  patient.  Because  I  review  the 
scientific  content  of  Chest  journal  on  a 
monthly  basis,  I  was  surprised  that  I  missed 
Mr  Demers'  recent  publication.^  .'\fter  1 
found  it  I  noted  that  it  is  published  under  the 
heading  "Opinions/Hypotheses."  As  I  read 
the  paper  1  must  admit  that  my  first  response 
was  that  it  is  full  of  opinion  but  empty  of 
science.  In  fact,  I  found  the  paper  to  be, 
more-or-Iess.  an  "infomercial"  lot  the  de- 
vice that  Mr  Demers  favors  for  use  as  a 
heat-and-moisture-exchanging  filter.  In  this 
era  of  evidence-based  medicine,  we  should 
not  confuse  speculation  with  science,  and 
we  must  recognize  that  outcoine  data  trumps 
expert  opinion.  In  the  spirit  of  evidence- 
based  medicine,  I  will  defend  my  position 
on  this  sitbject. 


696 


RE.spiRATOR'i  Carf  •  JuNE  2002  VcjL  47  No  6 


LirmiRs 


Craven"  (24  vs  48  hr) 
Dreyfuss  (48  hr  vs  no  changes) 
Kollef®  (1  wk  vs  no  changes) 
Long'°  (3/wk  vs  1/wk)  (MICU) 
Long'°  (3/wk  vs  l/v/k)  (NICU) 


TOTAL 


Less  Frequent 

More  Frequent 

(n//V) 

(nIN) 

18/127 

31/106 

8/28 

11/35 

36/147 

44/153 

9/105 

8/95 

17/129 

19/118 

88/536 


113/507 


RR 
(95%  CI  Fixed) 


• — 
•- 

i^^ 

— •■- 


RR 
(95%  CI  Fixed) 

0.48  (0  29,  0  82) 
0.91  (0  42,  1  95) 
0  85(0  58,  124) 
1.02(0  41,2  53) 
0.82(0.45,  1  50) 

0  76  (0.59,  0.97) 


1.0 


5       10 

Favors  more 
frequent  change 


0.1     0.2 
Favors  less 
frequent  change 

Fig.  1 .  A  meta-analysis  combining  the  results  of  randomized  studies  that  compared  ventilator-associated  pneumonia  (VAP)  rate  with 
extended  ventilator  circuit  change  intervals.  RR  =  risk  ratio,  n  =  number  of  cases  of  VAP.  N  --  total  number  of  patients.  01  =  confidence 
Interval.  MICU  =  medical  intensive  care  unit.  NICU  =  neurologic  Intensive  care  unit. 
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Fig.  2.  A  meta-analysis  combining  the  results  of  observational  studies  that  compared  ventilator-associated  pneumonia  (VAP)  rate  with 
extended  ventilator  circuit  change  intervals.  OR  =  odds  ratio,  n  ^  number  of  cases  of  VAP.  N  =  total  number  of  patients.  CI  =  confidence 
interval. 


VAP  may  arise  from  either  what  is 
breathed  through  the  endotracheal  tube 
(ETT)  or  what  is  aspirated  around  the  cuff 
of  the  ETT.  The  available  evidence  sug- 
gests that  aspiration  of  gastric.  orophar\'n- 
geal.  and  sinus  secretions  are  more  impor- 
tant ill  ihe  pathogenesis  of  VAP  than  what 
is  breathed  through  the  ETT.'  -  Ventilator 
circuits  connected  lo  the  ETT  are  contami- 
nated. However,  the  organisms  cultured 
from  the  ventilator  circuit  are  almost  always 
from  the  patient.'"^  Dreyfuss  et  aP  reported 
that  coloni/'ation  of  the  Cascade  humidifier 
was  a  rare  e\ent.  Moreover,  colonization  of 
the  pharynx  preceded  colonization  of  the 
ventilator  circuit  in  nearly  every  case.  To 
quote  the  e.xact  words  of  Dreyfuss.  "the  eti- 
ologic  agents  of  pneumonia  w  ere  recovered 
from  the  circuits  alw  ays  after  being  detected 
first  in  patients.""  In  other  words,  the  pa- 
tient contaminates  the  ventilator  circuit 
rather  than  \  ice  versa.  Is  the  purpose  of  a 
filter  between  the  patient  and  the  ventilator 
circuit  to  protect  the  \entilator  circuit  from 


the  patient'.'  If  so.  the  ventilator  circuit  thanks 
you  for  your  efforts.  However,  I  have  yet  to 
witness  the  death  of  a  ventilator  circuit  due 
to  this. 

Although  il  is  piissihlc  that  the  source  of 
VAP  may  be  what  is  breathed  tioni  the  \'en- 
lilauir  circuit  through  the  ETT.  there  are  at 
least  ?i  arguments  to  support  that  VAP  is 
more  likely  due  to  what  is  aspirated  around 
the  cutf  of  the  ETT. 

1.  Ten  studies'  "'  report  no  significant 
increase  in  VAP  with  less  frequent  ventila- 
tor circuit  changes.  In  fact,  a  meta-analysis 
of  those  studies  sht)ws  that  the  combined 
VAP  rate  is  lower  with  less  frequent  circuit 
changes  (Figs.  1  and  2).  This  contradicts  the 
assertion  that  the  ventilator  circuit  and  hu- 
midifier contribute  a  significant  risk  for  the 
development  of  VAP. 

2.  The  stomach  is  a  source  of  bacteria 
that  produce  VAP.'-  .Stress  ulcer  prophy- 
laxis that  mainlains  gastric  sterility  decreases 
the  VAP  rate.''  '''  Randomized  trials  report 
that  the  rale  of  aspiration  around  the  cuff  of 


the  ETT  is  decreased  when  patients  are 
placed  into a.semi-recumbent  position  rather 
than  a  supine  position.-"-' 

?•.  Randomized  trials  report  a  significant 
decrease  in  VAP  with  subglottic  secretion 
clearance,  presumably  because  of  reduced 
aspiration  around  the  cuff.--  -'' 

Mr  Demers'  implication  of  microaero- 
sol-generating  cascade  huniidifiers  in  the  de- 
livery of  contaminants  into  the  lower  respi- 
ratory tract  is  antiquated,  because  those 
devices  are  no  longer  manufactured.  Most 
of  us  are  using  heated  passover  or  w  ick  hu- 
midifiers in  our  \entilalor  circuits. 

I  did  a  meta-analysis  of  randomized  stud- 
ies comparing  VAP  rate  with  passive  ver- 
sus active  humidification  (Fig.  .^).-''-'-  In- 
deed, consistent  with  Mr  Dcmers's  bias, 
there  is  a  combnied  etfect  of  a  significant 
reduction  in  VAP  with  the  use  of  a  passive 
humidifier — although  much  of  this  effect  is 
due  to  the  trial  bv  Kirton  et  al"  that  Mr 
Demers  so  tbndly  uses  in  support  of  his 
position.  However,  there  are  other  impor- 
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Fig.  3.  A  meta-analysis  combining  the  results  of  randomized  studies  that  compared  ventilator-associated  pneumonia  (VAP)  rate  with  passive 
and  active  humidification  during  mechanical  ventilation.  RR  =  nsk  ratio,  n  -  number  of  cases  of  VAP.  N  =  total  number  of  patients.  CI  = 
confidence  interval. 
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Fig.  4.  A  meta-analysis  combining  the  results  of  randomized  studies  that  compared  the  rate  of  endotracheal  tube  occlusion  with  passive 
and  active  humidification  during  mechanical  ventilation.  Note  a  significantly  higher  rate  of  airway  occlusion  with  the  passive  humidifier.  In 
fact,  the  rate  of  airway  occlusion  is  higher  with  passive  humidification  in  every  study  but  one.  RR  =  risk  ratio,  n  =  number  of  cases  of  VAP. 
hi  =  total  number  of  patients.  CI  =  confidence  interval. 


tant  issues  that  must  be  considered  when  a 
passive  humidifier  is  used.  These  include 
the  dead  space  of  the  device,  the  resistive 
k)ad  of  the  device,  the  difficulty  in  delivery 
of  aerosolized  medications,  and  the  poten- 
tial for  airway  occlusion.  The  mechanical 
dead  space  of  the  passive  humidifier  can  be 
substantial — particularly  when  using  tidal 
volume  of  6  mLAg  predicted  body  weight 
as  a  lung-protective  strategy.  The  dead  space 
of  the  passive  humidifier  may  amounl  to 
lyic  or  more  of  the  delivered  tidal  Milunie. 
Pelosi  et  al"  reported  increased  work  of 
breathing  attributable  to  the  use  of  a  passive 
humidifier.  Le  Bourdelles  et  al^-*  reported  a 
higher  P,,c<),  and  higher  minute  ventilation 
requirement  with  the  use  of  a  passive  hu- 
midifier. To  deliver  aerosolized  medications 
the  filter  and  humidifier  must  be  removed 


from  the  circuit — this  negates  all  of  the  care- 
giver benefits  espoused  by  Mr  Demers. 

A  considerable  concem  is  the  increased 
risk  of  airway  occlusion  when  a  passive  hu- 
midifier is  used.  In  fact,  one  study-"^  of  the 
use  of  passive  humidifiers  was  interrupted 
because  of  a  fatal  occlusion  of  the  airway 
associated  with  the  use  of  a  passive  humid- 
ifier. 1  conducted  a  meta-analysis  of  airway 
occlusion  with  active  versus  passive  humid- 
ifiers (Fig.  4),^'^-2a.."i..'?-.'<''  There  was  a  large 
and  significant  increase  in  airway  occlusion 
associated  with  the  use  of  passi\e  humidi- 
fiers. I  submit  that  the  increased  risk  of  air- 
way occlusion  with  a  passive  humidifier  out- 
weighs any  benefit  of  reduced  VAP. 

A  challenge  with  evidence-based  medi- 
cine relates  to  how  one  takes  the  eviilence 
from  populations  of  patients  and  applies  it 


to  an  individual  patient.  Here  is  my  wish  if 
I  am  the  patient  on  the  receiving  end  of  the 
ETT:  I  will  take  my  chances  with  a  VAP, 
but  please  don't  occlude  my  ETT.  "Let  the 
Bic'citlwr  Beware!" 

Dean  R  Hess  PhD  RRT  FAARC 

Department  of  Respiratory  Care 

Massachusetts  General  Hospital 

Department  of  Anesthesia 

Har\ard  Medical  School 

Boston.  Massachusetts 
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Bronchial  .Asthma:  Principles  of  Diagno- 
sis and  Treatment,  4th  edition.  M  Eric  Ger- 
shv\in  MD  and  Tinn)thy  E  Aibertson  MD 
PhD.  Editors.  Totowa,  New  Jersey;  Humana 
Press.  2001.  Hard  cover,  illustrated.  476 
pages.  $125. 

Asthma  is  present  in  every  patient  pop- 
ulation, with  an  increasing  prevalence,  and 
is  ever-changing  in  relationship  to  our  en- 
vironment. The  fourth  edition  of  Bronchial 
Asthma:  Principles  of  Diagnosis  and 
Treatment  holds  fast  to  its  title  in  that  it  is 
very  specific  to  only  asthma  and  does  not 
stray  into  other  pulmonary  diseases.  Drs  Ger- 
shwin and  Albertson  have  edited  a  great 
deal  of  information  specific  to  asthma  into 
an  easily  read  text  that  covers  asthma  from 
the  neonate  to  the  adult.  As  mentioned  in 
the  preface,  the  target  audience  is  the  pri- 
mary care  physician.  Specialists  in  asthma 
management  will  find  this  textbook  com- 
prehensive but  occasionally  spotty.  The 
book  would  give  an  advanced  respiratory 
therapist  a  better  understanding  of  the  diag- 
nosis and  treatment  of  asthma,  but  the  pau- 
city of  inpatient  management  algorithms 
makes  the  book  less  useful  for  inpatient 
asthma  caregivers. 

The  text  is  in  20  chapters,  each  of  which 
is  long  enough  to  provide  factual  informa- 
tion regarding  the  subject  matter  but  not  so 
long  as  to  overwhelm  the  reader,  with  the 
exception  of  Chapter  2,  which  deals  v\ilh 
the  pathogenesis  of  asthma.  Chapter  2  ex- 
tensively catalogs,  discusses,  and  references 
all  the  current  cellular,  cytokine,  and  che- 
mokine  suspects  in  asthma  pathogenesis — 
not  light  after-dinner  reading!  Even  so,  the 
key-point  summary  at  the  chapter's  begin- 
ning helps  the  reader  understand  the  context 
of  what  follows  and  an  iner\  iew  of  current 
theory. 

Chapter  3  discusses  the  clinical  and  al- 
lergy evaluation  of  asthma  patients  and  fo- 
cuses on  the  appropriate  role  of  history,  phys- 
ical exam,  pulnionaiy  function,  and  atopic 
and  possible  .serologic  evaluations,  distin- 
guishing issues  between  small  children  and 
older  patients  with  asthma.  Details  of  pul- 
mon;iry  function  testing  are  dealt  with  ex- 
tensively in  Chapter  4.  through  inclusion  of 
charts,  diagrams,  tables,  and  illustrations  that 
address  the  value  and  use  of  spirometry. 


lung  volumes,  and  provocation  testing. 
There  are  important  clinical  insights,  partic- 
ularly the  value  of  FEV,  assessment  in 
asthma  documentation.  Sometimes  being 
comprehensive  is  not  as  important  as  being 
clinically  valuable! 

Separate  chapters  deal  with  the  differen- 
tial diagnosis  of  asthma  in  children  and 
adults,  with  the  pediatric  aspect  being  more 
organized  and  developed  from  the  perspec- 
tive of  clinical  frequency.  By  contrast  in 
Chapter  6,  which  deals  with  the  differential 
diagnosis  of  asthma  in  adults,  asthma  "look- 
alikes""  are  alinost  randomly  presented.  In 
addition,  the  distinction  between  intrinsic 
and  extrinsic  asthma  invokes  a  nomencla- 
ture less  often  used  today  than  in  years  past, 
as  we  have  come  to  understand  the  com- 
plexity and  overlap  of  different  inflamma- 
tory processes  giving  rise  to  the  clinical  syn- 
drome we  now  call  asthma. 

Chapters  7-10  are  dedicated  to  treatment 
modalities.  Each  chapter  discusses  treatment 
for  specific  ages  or  clinical  circumstances. 
However,  sometimes  recommendations 
dribble  out  at  almost  random  intervals,  such 
as  in  the  section  on  treating  adults  with 
asthma,  which  is  confusingly  organized  and 
presented.  And  though  the  role  of  inhaled 
corticosteroids  is  extensively  covered,  the 
recommendations  imply  that  long-acting  p 
agonists,  such  as  salmeterol,  may  be  used 
hefoiv  the  addition  of  inhaled  anti-inflam- 
matory steroid.s — an  obviously  flawed  sug- 
gestion, according  to  the  guidelines  of  the 
National  Heart,  Lung,  and  Blood  Institute.' 
Curiously,  no  detailed  discussion  of  status 
asthmaticus  is  presented,  which  limits  the 
book's  usefulness  primarily  to  the  outpa- 
tient setting.  On  the  positive  side,  the  very 
extensive  and  comprehensive  discussion  of 
asthma  and  pregnancy  should  be  excellent 
reading  for  obstetrics  professionals.  But,  on 
the  negative  side,  the  book  references  the 
1993  consensus  panel  recommendation-  of 
beclomethasonc  as  the  inhaled  steroid  of 
choice,  which  may  lead  some  practitioners 
lo  the  awkward  choice  of  multiple  puffs, 
multiple  times  per  day,  of  a  medication  that 
most  experts  have  relegated  to  the  position 
of  almost  a  historical  curiosity.  Most  appro- 
priate for  those  curious  about  what  patients 
might  be  using  without  a  physician's  pre- 
scription is  the  extensive  chapter  on  alter- 


native therapies,  which  deals  primarily  with 
herbal  and  nonprescription  treatments.  It  is 
unfortunate  that  what  is  also  included  in 
this  chapter  concerns  alternative  physician- 
prescribed  treatments,  including  immuno- 
suppressive medications;  no  references  are 
given  to  buttress  the  statements  made,  such 
as  regarding  methotrexate  "s  lack  of  efficacy 
and  safety.  Ideally  an  entire  chapter  would 
have  been  dedicated  to  dealing  w  ith  refrac- 
tory asthma  and  alternative  therapies  for  that 
rare  but  clinically  vexatious  problem. 

We  commend  the  chapters  dealing  with 
special  clinical  problems,  especially  Chap- 
ter 1 2  on  exercise-induced  asthma.  For  the 
specialist  dealing  with  this  sometimes-dif- 
ficult problem  the  discussion  is  illuminating 
and  thoughtful.  However,  there  is  no  dis- 
cussion of  sexuality  and  asthma — perhaps 
not  to  be  considered  minor  by  those  afflicted. 
For  some  asthmatics  the  most  strenuous  ac- 
tivity is  sexual  intercourse,  which  may  trig- 
ger a  very  frightening  asthma  attack.  The 
discussions  of  allergic  bronchopulmonary 
aspergillosis,  aspirin  sensitivity,  anesthesia, 
and  recreational  drug  use  are  w  ell  referenced 
and  useful  for  all  readers.  Only  in  the  chap- 
ter on  anesthesia  for  asthmatic  patients  is 
there  any  substantial  discussion  of  status 
asilmuiticus.  The  comprehensive  discussion 
(with  extensive  referencing)  is  welcomed 
on  asthma  topics  such  as  occupational 
asthma  and  allergic  bronchopulmonary  as- 
pergillosis, but.  even  so,  some  chapters  em- 
phasize conclusions  from  20-year-old  liter- 
ature when  discussing  therapeutic  options. 
For  example,  in  the  otherwise  comprehen- 
sive discussion  of  allergic  bronchopulmo- 
nary aspergillosis,  inhaled  corticosteroids 
are  referenced  as  being  of  dubious  use  on 
the  basis  of  studies  performed  in  the  1970s, 
before  the  advent  of  more  potent  inhaled 
corticosteroids  such  as  budesonide  and  flu- 
ticasone. And,  too,  the  regimen  presented 
for  per  os  steroid  taper  is  from  1979.  Have 
no  other  recommendations  been  published 
since? 

The  final  3  chapters  will  assist  the  clini- 
cian in  understanding  the  life  modifications 
the  asthiua  patient  will  deal  with  in  living 
with  asthma,  the  psychological  impact  of 
the  disease,  and  the  relationship  of  the  care 
prov  iders  and  the  course  they  prescribe  and 
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hmv  ihese  may  impact  them  I'rom  a  legal 
prospective. 

The  text  in  hard  back  is  464  pages,  v^ith 
a  considerable  index.  Each  chapter  includes 
an  extensive  reference  list.  There  are  xerv- 
few  illustrations,  mainly  radiographs,  but 
there  are  extensiv  e  tables  and  graphs  in  each 
chapter.  The  copy  editing  was  very  poor, 
however:  numerous  typographical  errors  lit- 
ter the  text,  and  unexplained  abbreviations 
abound,  although  their  meaning  is  usually 
evident.  The  most  egregious  editing  error  is 
on  the  first  page  of  the  chapter  "Treatment 
of  Asthma  in  Adults":  the  "key  points"  sec- 
tion is  from  a  separate  text  on  pain  man- 
agement: the  section  was  apparently  acci- 
dentally inserted  at  some  point  in  the  editing 
or  paste-up  process,  and  is  unrelated  to  the 
chapter  or  the  rest  of  the  book. 

In  conclusion.  Bronchial  Asthma:  Prin- 
ciples of  Diagnosis  and  Treatment  stands 
as  an  excellent  text  for  students  of  respira- 
tory disease  to  have  on  hand  to  address  spe- 
cific questions  about  asthma.  For  the  most 
part  it  is  comprehensive  and  all-inclusive. 
However,  given  today's  Internet  access  to 
review  articles  that  ai^  more  recent  than 
many  of  the  articles  referenced  within  this 
text,  the  cost  of  $  1 25  seems  somewhat  steep. 
But.  on  the  whole.  Sir  William  Osier's 
ad\ice  1()0  years  ago  for  his  students  to 
"read  the  texts"  applies  to  this  book  in  our 
time  as  well. 

Mary  Hart  RRT 
Mark  VV  Millard  MD 

Baylor  Asthma  and  Pulmonary 

Rehabilitation  Center 

Baylor  University  Medical  Center 

Dallas.  Texas 
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The  Manual  of  Asthma  Management 

is  a  681 -page  text  comprising  5  sections 


and  52  chapters.  The  sections  are:  epidemi- 
ology and  pathogenesis  of  asthma:  diagno- 
sis and  in\cstigalions  of  asthma:  assessment 
and  treatment  of  asthma:  management  of 
asthma:  and  running  an  asthma  service.  As 
the  section  names  suggest,  the  authors  set 
out  to  cover  nearly  every  aspect  of  asthma 
management.  To  accomplish  this  they  re- 
caiited  an  impressive  international  panel  of 
asthma  authorities,  which  reads  like  a 
"Who's  Who  in  Asthma."  including  Drs 
Barnes.  Drazen.  Holgate.  Woolcock.  Platts- 
Mills,  Pauwels,  and  many  others. 

Much  of  this  text  targets  physicians  who 
are  responsible  for  evaluating  and  manag- 
ing asthma  patients.  As  a  reference,  it  con- 
tains material  that  appeals  to  physicians  at 
all  levels,  from  resident  to  pulmonary  spe- 
cialist. Having  said  that,  it  also  functions 
well  as  a  reference  for  respiratory  therapists, 
nurses,  and  other  providers  who  have  con- 
tact with  asthma  patients,  particularly  in  the 
chapters  that  deal  with  disease  assessment 
and  management,  patient  education,  and  spe- 
cial problems  in  asthma. 

In  the  preface  the  editors  state  that  they 
want  to  provide  "comprehensive  yet  prac- 
tical and  easily  accessed  advice  on  the  key 
issues  of  asthma  management."  It  appears 
that  they  come  close  to  accomplishing  that 
objective.  The  large  number  of  chapters 
(each  by  different  authors)  illustrates  the  ed- 
itors' strategy  of  "splitting,  not  lumping" 
subjects,  with  chapter  titles  ranging  from 
"Delivery  Systems"  to  "Nocturnal  Asthma." 
From  this  standpoint  they  create  one  or  more 
homes  for  every  category  of  asthma  infor- 
mation, which  caused  some  overlap  in  cov- 
erage of  certain  subjects  (eg,  management 
strategies)  and  some  differences  in  the  depth 
of  coverage  of  topics  from  chapter  to  chap- 
ter. However,  the  material  presented  is  ac- 
curate and  well-referenced.  A  clear  effort  to 
support  statements  with  evidence  is  seen 
throughout  the  manual.  The  43-page  chap- 
ter on  "Management  of  Chronic  Asthma  in 
Children."  for  instance,  is  supported  by  377 
references. 

The  text  is  very  reader-friendly  in  sev- 
eral respects.  There  is  minimal  use  of  pul- 
monary jargon,  which  illustrates  the  editors' 
desire  to  appeal  to  a  broad  readership.  Ta- 
bles and  lists  appear  throughout  the  text  to 
summarize  important  points,  with  key  "take- 
home"  points  listed  at  the  ends  of  most  chap- 
ters. Each  chapter  is  separated  into  intuitive 
subsections  that  allow  the  reader  to  quickly 
navigate  to  the  subject  of  interest. 


Although  I  think  the  majority  of  the  man- 
ual is  wcll-structtircd  and  well-written,  sev- 
eral chapters  stand  out  as  pailicularly  good 
reviews.  The  chapter  on  coilicostcroids.  by 
Peter  Barnes,  docs  an  excellent  job  of  ex- 
plaining everything  from  mechanism  of  ac- 
tion to  practical  matters  related  to  inhaled 
corticosteroid  use.  Several  chapters  very  ef- 
fectively address  special  situations  in 
asthma,  including  occupational  asthma,  as- 
pirin-induced a.sthma,  and  asthma  in  preg- 
nancy. These  chapters  are  very  good  sum- 
maries and  are  equally  useful  as  a  source  of 
references  for  the  pulmonary  specialist  or 
anyone  who  wishes  to  delve  further  into 
the  subject.  The  chapter  on  management 
of  chronic  asthma  in  children  is  also  no- 
table for  its  thorough  coverage  of  this 
broad  subject. 

Although  my  overall  impression  of  the 
manual  is  vei"y  positive,  there  are  a  few  short- 
falls that  should  be  pointed  out.  The  text 
contains  very  few  illu.strations.  which  hin- 
ders its  ability  to  educate  the  reader  about 
certain  complex  subjects,  such  as  the  cas- 
cade of  events  that  results  in  allergic  airway 
inflammation  and  the  multitude  of  changes 
in  the  airway  that  conspire  to  produce  air- 
way narrowing.  The  chapter  on  pulmonary 
function  testing  is  heavily  focused  on  the- 
ory, much  of  which  is  difficult  to  relate  to 
asthma.  1  would  like  to  see  more  detailed 
coverage  in  several  areas,  including  the  sub- 
ject of  remodeling  in  the  airway  and  the 
recently-recognized  importance  of  mucus  in 
the  generation  and  maintenance  of  airway 
obstruction.  1  think  the  chapters  on  patient 
education  and  compliance  are  too  brief, 
given  the  critical  importance  of  those  fac- 
tors in  asthma  management.  On  a  related 
matter,  minimal  attention  is  given  to  alter- 
native and  complementary  therapies  in 
asthma,  which  are  increasingly  used  by  pa- 
tients who  lu'e  frustrated  by  inability  to  con- 
trol the  disease  with  medications.  Finally.  I 
would  appreciate  a  separate  chapter  devoted 
to  critical  care,  with  special  attention  given 
to  mechanical  ventilation  and  anesthesia  is- 
sues in  the  intubated  asthmatic. 

The  international  authorship  should  also 
be  noted  for  American  readers  who  are  ac- 
customed to  more  "North  America-centric" 
medical  writing.  Much  of  the  data  presented 
are  based  on  experience  in  the  United  King- 
dom, with  less  emphasis  on  studies  from 
the  llnilcd  States  than  is  typically  seen  in 
publications  of  American  origin.  This  is 
worth  mentioning  because  there  are  some 
differences  between  the  British  Guidelines 
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on  Asiliina  Manuficiiiciii  and  llic  American 
guiJelincs,  published  by  ihc  National 
Asthma  Rducatidn  Prevention  Program  in 
1997.  Those  difl'erences  are  highlighted  in 
the  chapter  on  management  ol  chronic 
asthma  In  adults. 

In  summary.  I  found  the  Miiniial  of 
Asthma  Management  an  excelleni  reler- 
ence  for  this  complex  disease.  It  is  well  writ- 
ten, accurate,  extensively  referenced,  and 
comprehensive.  I  was  most  impressed  with 
the  editors'  ability  to  cover  the  subjecl  in  a 
manner  that  appeals  to  a  broad  readership. 
This  manual  contains  something  for  nearly 
every  health  care  provider  who  has  contact 
with  asthma  patients,  from  patient  educa- 
tors to  pulmonary  specialists.  I  intend  to 
keep  it  close  at  hand  as  an  excellent  over- 
view of  this  complex  and  rapidly-changing 
subject. 

Rajeev  V  Venkayya  MD 

Division  of  Pulmonary  and 

Critical  Care  Medicine 

Department  of  Medicine 

San  Francisco  General  Hospital 

University  of  California,  San  Francisco 

San  Francisco.  California 

CRC  Desk  Reference  for  Allergy  and 
Asthma.  Hans-Uwe  Simon  MD  et  al.  (CRC 
Desk  Reference  Series,  Gerald  Kerkut,  Se- 
ries Editor).  New  York:  CRC  Press.  2000. 
Hard  cover,  illustrated.  379  pages.  S79.9.^. 

The  CRC  Desk  Reference  for  Allergy 
and  Asthma  is  one  in  a  series  of  medical 
science  encyclopedias.  I  found  the  book's 
presentation  unique  for  a  medical  reference, 
as  there  is  no  index  and  the  topics  are  sim- 
ply arranged  in  alphabetical  order.  The  au- 
thor's intention  is  to  present  each  subject  in 
such  a  concise  manner  that  the  reader  will 
remember  the  important  intormation  pre- 
sented. I  typically  read  medical  and  science 
books  by  looking  up  certain  subjects  of  in- 
terest in  the  index,  in  the  manner  described 
by  this  book's  first  author,  Dr  Hans-Uwe 
Simon,  in  the  preface.  Often  I  have  to  flip 
through  many  sections  of  related  material 
before  I  find  the  subject  I  am  interested  in. 
The  intention  of  this  book  is  to  give  busy 
professionals  the  information  they  need 
quickly  and  concisely,  and  for  the  most  part 
the  authors  achieved  that  goal.  They  also 
attempted  to  achieve  a  balance  of  pnn  iding 
enough  information  to  be  useful  v\  ilhout  pro- 
viding so  much  that  there  is  not  suliicient 
time  to  read  the  subjecl  matter. 


Very  important  information  is  high- 
lighted in  boxes,  with  more  extensive  defi- 
nitions provided  in  the  remaining  text.  I 
found  the  highlighted  text  an  exceptionally 
useful  tool  for  conveying  the  most  impor- 
tant information  quickly.  For  instance,  when 
discussing  a.sthma  treatment  strategies,  one 
section  of  highlighted  text  states,  "Patients 
who  do  not  settle  on  standard  doses  of  in- 
haled corticosteroids  (typically  they  will 
show  persistent  variability  of  peak  expira- 
tory flow,  persistent  nocturnal  waking,  or 
excessive  use  of  a  fi^  agonist)  should  be 
given  a  long-acting  bronchodilator  as  well 
as  their  inhaled  corticosteroids."  That  infor- 
mation could  prove  invaluable  for  the  fam- 
ily practitioner  managing  a  patient's  asthma 
symptoms.  In  the  text,  italicized  words  are 
cross-referenced  to  other  areas  of  the  book. 
Although  this  is  effective  in  keeping  indi- 
vidual subjects  short,  I  often  found  myself 
nipping  back  and  forth  \\  hen  thoroughly  in- 
vestigating a  topic. 

The  text  covers  basic  immunology,  clin- 
ical immunology,  allergology,  pharmacol- 
ogy, biochemistry,  and  molecular  biology. 
There  are  simple  definitions  for  most  of  the 
major  respiratory  diseases,  such  as  chronic 
obstructive  pulmonary  disease,  chronic 
bronchitis,  and  cystic  fibrosis.  The  asthma 
material  includes  the  definition,  diagnosis, 
epidemiology,  and  treatment  strategies,  as 
well  as  prevention.  1  found  the  infomiation 
very  current  and  practical.  As  a  critical  care 
clinician  1  noticed  that  there  is  no  infomia- 
tion provided  on  managing  acute  severe  asth- 
ma; however,  1  don't  believe  critical  care 
clinicians  are  intended  to  be  the  majority  of 
the  audience  for  this  text.  There  are  42  con- 
secutive pages  of  asthma  information  as  well 
as  many  cross-references  to  other  areas  of 
the  book.  1  found  the  information  on  asthma 
pharmacology  generally  well  presented  and 
to  include  all  the  traditional  medications, 
such  as  corticosteroids  and  theophyllines, 
as  well  as  the  newer  ones,  such  as  leukotri- 
ene  receptor  antagonists.  There  are  basic  def- 
initions as  well  as  very  complete  descrip- 
tions of  their  actions  and  reactions. 

1  did  find  some  errors  in  the  referencing 
to  other  sections.  When  looking  up  terbutal- 
ine  the  reader  is  sent  to  li-tif;(>iii.\i\.  but  there 
is  no  listing  for  fi-aaonisls.  1  luckily  stum- 
bled across  a  listing  for  /S,-  affoiiisls,  which 
referenced  the  term  agonists,  where  I  tbund 
the  not-very-enlightening  definition:  "This 
group  of  drugs  is  particularly  ettective  in 
the  treatment  of  Aslhiiia  (see  asthma  treat- 
ment siraic'liic's)."  This  is  one  example  of 


the  authors  not  meeting  their  stated  goal  of 
providing  quick  and  efficient  information. 
The  [i-ai;oniM\  information  is  presented  fur- 
ther down  on  the  same  page.  1  would  have 
been  interested  in  some  specific  informa- 
tion on  terbutaline,  but  no  details  are  pre- 
sented on  the  use  of  this  drug.  My  comment 
may  be  biased  by  the  critical  care  focus  of 
my  interests,  as  terbutaline  is  no  longer  fre- 
quently used  in  an  outpatient  setting. 

1  was  also  bothered  by  a  contradiction  in 
the  text  concerning  the  use  of  nebulizers  to 
deliver  medications.  Page  46  reads:  "Con- 
ventional inhalers  may  become  ineffective 
because  of  complete  airway  obstruction  by 
mucus  plugs,  and  nebulized  bronchodilators 
(see  nebulizer)  are  useful  to  ensure  that  the 
drugs  are  delivered  to  all  ventilated  airways." 
Here  the  authors  appear  to  be  suggesting 
that  nebulizers  are  superior  to  metered-dose 
inhalers  and  that  a  nebulizer  can  somehow 
make  a  completely  obstructed  mucus- 
plugged  airway  a  ventilated  airway  that  will 
allow  drug  deposition.  Then  on  Page  333, 
when  defining  spacer  devices,  an  opposing, 
strongly  worded,  and  correct  statement  is 
made  that:  "Spacer  devices  (ie,  metered-dose 
inhalers]  have  been  shown  to  be  as  effective 
as  nebulizers  in  the  treatment  of  acute  se- 
vere asthma." 

There  are  94  tables  and  50  figures,  the 
majority  of  which  are  simple,  clear,  and  con- 
cise. Unfortunately,  the  flow-volume  loop, 
which  is  so  frequently  used  to  diagnose  air 
flow  obstruction,  is  not  graphicalK  depicted. 
Although  there  are  basic  descriptions  of  the 
loop  and  other  lung  function  tests  and  their 
diagnostic  values,  a  figure  would  have  been 
valuable.  The  sections  on  occupational 
asthma,  dermatitis,  and  rhinitis  include  di- 
agnosis, therapy,  economic  impact,  and  pre- 
vention. Table  74  is  an  excellent  breakdown 
of  the  allergens  and  professions  that  are  fre- 
quently associated  with  occupational 
asthma. 

Appropriately,  a  large  portion  of  the  text 
deals  with  allergic  diseases  and  allergic  in- 
flammation. It  provides  complex  infomia- 
tion on  actions  and  reactions  at  the  cellular 
level,  much  of  it  graphically  illu.strated.  How 
to  properly  place  and  read  a  patch  test  is 
clearly  described  and  is  an  excellent  prac- 
tical inclusion  in  the  text.  There  is  an  in- 
depth  review  (9  pages)  on  mast  cell  mor- 
phology, mediators,  activation,  receptors, 
and  stabilizers.  Table  6S  in  this  section  is 
particularly  \  aluable  in  that  it  describes  some 
important  mast  cell  mediators  and  their  role 
in  asthma.  There  is  extensive  infomiation 
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provided  on  potential  allergens  such  as  house 
dust  mites,  molds,  pollens,  animal  dander, 
and  environmental  contaminants.  .Specific 
food  allergies  are  coxered,  as  well  as  the 
latex-t'ruit  syndrome.  1  found  the  inclusion 
of  latex  allergy  information  current  and 
timely  in  that  "Health  care  workers  ha\e  a 
.S-lO^^f  prevalence  of  latex  allergy."  Identi- 
fying and  treating  late.x  allergy  has  quickly 
become  a  large  problem  for  all  types  of  cli- 
nicians, as  well  as  a  patient  .safety  issue. 

The  authors  are  an  impressive  list  of  ex- 
pens  from  throughout  Europe,  with  a  mi- 
nority of  the  contributors  hailing  from  the 
United  States,  which  gave  the  text  a  dis- 
tincth  European  flavor.  One  example  of  this 
is  that  the  normal  ranges  for  P_,co,  "ind  P^q, 
are  only  provided  in  kilopascals;  no  conver- 
sions to  mm  Hg  are  provided.  The  tenn 
rlumchi  is  defined  as  an  "old-fashioned  term 
for  wheezes."  One  problem  in  my  copy  of 
the  book  is  not  related  to  the  authors:  pages 
290.  291.  294.  295  are  unreadable  because 
the  outer  third  of  the  printed  text  did  not 
transfer  to  the  pages. 

The  intended  audience  is  primarily  sci- 
entists, researchers,  and  students  whose  pri- 
mary interest  is  allergy  and  asthma.  Prac- 
ticing clinicians  such  as  pulmonologists. 
general  practitioners,  pediatricians,  aller- 
gists, pulmonary  nurses,  and  respiratory 
therapists  will  all  find  useful,  up-to-date  in- 
formation pertinent  to  their  daily  practice.  I 
would  caution  that  this  is  an  intensely  sci- 
entific text  and  the  majority  of  the  informa- 
tion concerns  allergic  inflammation  at  the 
cellular  level.  It  is  very  heavily  weighted 
toward  immunology,  molecular  biology,  and 
biochemistn,.  If  you  are  a  clinician  whose 
primary  interests  are  asthma  diagnosis,  man- 
agement, and  treatment  you  may  want  to 
consider  a  different  text. 

Melissa  K  Brown  RRT 

Pulmonary  Services  Department 

Sharp  Mary  Birch  Hospital  For  Women 

San  Diego.  California 

Allergies  and  .Asthma  for  Dummies.  Wil- 
liam E  Berger  MD.  Foster  City.  California: 
IDG  Books  Worldwide.  2()0().  Soft  cover, 
illustrated.  399  pages.  SI 9.99. 

Allergies  and  Asthma  for  Dummies  is 

promoted  as  an  "all  you  need  to  know  about 
asthma  and  allergies"  reference  book  \\r\\- 
ten  specifically  for  allergy  and  asthma  pa- 
tients and  their  loved  ones  who  care  for 
them.  As  I  began  to  read.  I  questioned  how 


such  a  broad  and  complicated  subject  mat- 
ter could  possibly  be  covered  in  an  easily 
understandable  way  for  the  layperson. 

My  professional  background  includes 
over  20  yeiu-s  as  a  respiraloiy  therapist,  and 
the  majority  of  my  experience  has  been 
working  at  a  regional  trauma  and  teaching 
center.  On  reflection  I  realized  that  my 
knowledge  extends  beyond  the  professional 
setting.  I  know  first  hand  what  it  means  to 
be  an  allergy  and  asthma  sufferer  with  fam- 
ily members,  including  children,  who  have 
experienced  the  extreme  symptoms  of  al- 
lergy and  asthma,  including  exercise- 
induced  asthma. 

The  paperback  cover  catches  the  read- 
er's eye;  it  comes  in  the  easily  identifiable 
black  and  yellow  style  of  all  of  the  "For 
Dummies"  books.  The  "Dummies"  style 
continues  when  you  open  the  book,  with  a 
"cheat  sheet"  that  includes  "Dr  Berger's  Top 
Ten  List  of  Allergy  Triggers."  and  the  book 
ends  with  "Ten  Famous  Folks  with  Asth- 
ma." including  Augustus  Caesar  and  Jackie 
Joyner-Kersee.  Illustrations  and  cartoons 
help  explain  concepts,  including  basic  anat- 
omy, pathophysiology,  and  related  teaching 
points. 

The  book  is  organized  to  guide  the  reader 
to  information  of  immediate  interest  with- 
out having  to  read  the  entire  book;  it  in- 
cludes a  comprehensive  index.  Dr  Berger 
does  an  exceptional  job  in  not  bogging  the 
reader  down  with  details  they  don't  want  or 
need.  He  does  this  with  "Dummies"-,style 
icons  warning  the  reader  of  "technical  stuff 
and  "medicalese"  (medical  terminology). 
This  gives  the  reader  a  chance  to  skip  or 
dive  into  the  more  difficult  temiinology. 

Dr  Berger  covers  the  topics  of  allergies 
and  asthma  from  prevention  to  life-threat- 
ening emergencies.  Included  are  "Getting 
the  .Most  from  Your  Doctor  Appointment" 
and  "How  to  Be  a  Knowledgeable  Consum- 
er," He  gives  examples  of  what  information 
to  have  available  and  what  questions  to  ask 
the  physician.  Tlie  author  is  meticulous  in 
his  attention  to  detail  when  he  includes  the 
importance  of  choosing  an  insurance  com- 
pany. He  cautions  against  looking  only  at 
the  cost  and  encourages  researching  what 
the  insurance  company  offers  and  how  long 
it  may  take  to  get  medical  care.  This  infor- 
mation is  vital  to  patients  of  lower  income, 
for  whom  understanding  that  paying  more 
now  may  mean  paying  less  overall  and  that 
they  are  more  likely  to  get  medical  care 
before  the  condition  becomes  life  threaten- 
ing and  requires  hospitalization — a  philos- 


ophy not  always  followed  by  some  low- 
cost  medical  insurance  plans. 

The  author  doesn't  miss  an  oppurtunity 
lo  catch  the  reader's  attention  by  exposing 
common  myths  and  directing  the  reader  im- 
mediately to  chapters  that  discuss  relevant 
facts.  Chapter  I  begins  by  explaining  how 
allergies  can  affect  many  organs  throughout 
the  body,  including  the  lungs.  Chapter  2 
delves  into  the  immunologic  basis  of  aller- 
gic reactions,  going  into  complicated  detail 
that  includes  abnormal  immune  reactions. 
Dr  Berger  does  an  exceptional  job  with  his 
clear  and  simple  style  and  use  of  illustra- 
tions, giving  just  enough  detail  not  to  over- 
whelm the  reader.  However,  there  is  no  way 
of  getting  around  some  complicated  termi- 
nology foreign  to  most  patients.  If  the  reader 
chooses  to  dive  into  that  information  it  is 
there  and  written  as  simply  as  possible. 

Chapter  3  discusses  how  to  deal  with  doc- 
tor visits  and  insurance  companies,  and  I 
am  impressed  by  Dr  Berger's  level  of  hon- 
esty and  detail  on  this  subject. 

Chapter  4  includes  diagnosis  and  treat- 
ment of  hay  fever.  This  chapter  also  reminds 
the  patient  of  his  or  her  responsibility  for 
keeping  track  of  the  timing  of  and  events 
that  trigger  allergies,  so  the  physician  can 
determine  what  is  causing  the  allergic  reac- 
tion. Chapter  5  deals  with  pollens,  molds, 
and  dust  and  their  role  as  triggers.  Chapter 
6  helps  the  reader  understand  the  impor- 
tance of  avoiding  triggers  and  describes  strat- 
egies of  how  to  manage  allergens  and  irri- 
tants, including  the  importance  of  keeping 
the  house  dust-free.  Except  for  the  compul- 
sive minority,  keeping  a  house  dust-free  is 
low  on  most  people's  priority  list.  Fortu- 
nately, Dr  Berger  explains  the  whys  and 
hows  of  practical  dust-free  living  for  aller- 
gic readers.  Chapter  7.  "Relieving  Your  Rhi- 
nitis," illuminates  the  complicated  subject 
of  phannacology  as  related  to  rhinitis.  Chap- 
ter 8  continues  with  skin  tests  and  their  in- 
dications. Dr  Berger  explains  the  goals  of 
immunotherapy  and  includes  factors  that 
may  help  the  patient  detemiinc  if  immuno- 
therapy is  an  option  to  be  discussed  w  ith  the 
physician.  The  chapter  concludes  with  a 
thorough  description  of  the  treatment  the 
patient  would  haxe  to  compK  with,  as  well 
as  possible  adverse  effects — information 
that  is  vital  to  such  a  decision.  Chapter  9 
provides  information  to  help  the  reader  avoid 
allergy  complications  such  as  sinusitis  and 
ear  infections. 

In  Chapters  10-1.5  Dr  Berger  thoroughly 
discusses  the  fact  that  asthma  is  often  the 
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result  of  uinJerKint!  (.hnuiic  iiirianiiiiatinn 
in  the  airways,  which  can  resiih  in  airvvav 
reini)deliiig — a  conditiim  that  olten  results 
in  lung  sciirring  and  irreversible  lung  dam- 
age. In  Chapter  1 1  readers  are  lead  to  iden- 
tify what  triggers  their  asthma  and  how  to 
manage  those  triggers.  Chapter  12  explains 
the  pharmacologic  aspect  of  asthma  ther- 
apy. Dr  Berger  discusses  the  goals  of  ther- 
apy, the  types  of  medication  and  how  they 
work,  and  the  various  drug  delivery  sys- 
tems. He  explains  very  clearly  the  impor- 
tance of  consistently  taking  medications  as 
planned,  even  during  asymptomatic  periods. 
Tables  provide  quick  comparisons  of  shoil- 
term  and  long-term  control  medications. 
Chapter  13  discusses  long-term  manage- 
ment of  asthma,  emphasizing  a  team  ap- 
proach that  includes  the  patient,  family,  and 
health  care  priifessionals.  Chapter  1 4.  "Asth- 
ma and  Allergies  during  Childhood."  dis- 
cusses the  signs  and  symptoms  of  asthma  in 
children,  which  can  be  complicated  because 
children  inay  not  be  able  to  communicate 
and  the  caregiver  must  be  sensitive  to  the 
manifestations  of  this  potentially  life-threat- 
ening disease.  Chapter  15  discusses  the  spe- 
cial issues  of  allergy  and  asthma  contr<il 
during  pregnancy. 

Part  IV  (Chapters  16-18)  covers  allergic 
skin  conditions  and  is  very  informative  and 
thorough.  Chapter  16  discusses  atopic  der- 
matitis, from  understanding  what  it  is  to  pre- 
vention and  management  of  the  condition. 
Chapter  17  is  on  allergic  reactions  from  skin 
contact,  and  explains  how  to  differentiate 
between  reactions  caused  by  an  "irritant" 
and  an  "allergen."  Chapter  I S  discusses  why 
taking  hives  and  angiocdema  seriously  may 
save  your  life  and  discusses  management 
by  avoiding  triggers  and  medication  used  to 
prevent  and  treat  the  condition. 

Dr  Berger  continues  the  subject  of  al- 
lergy cause,  management,  and  treatment  in 
Part  V.  "Food,  Drug,  and  Insect  Reactions: 
A  Really  Bad  Trip."  Each  topic  section 
(food.  drug,  and  insect  reactions)  helps  the 
reader  understand  the  cause,  management, 
and  treatment  of  the  allergy.  The  book  con- 
cludes with  Part  VI.  "The  Part  of  Tens," 
which  includes  2  chapters:  "Ten  Tips  tor 
Traveling  with  Allergies  and  .-Xsthma,"  and 
'Ten  Famous  Folks  with  Asthma." 

If  you  subscribe  to  the  philosophy  that 
"when  the  student  is  ready  to  learn,  the 
teacher  will  appear."  this  hook  is  a  winner. 
It  covers  technical  inlonnatioii  \cr\  well, 
with  a  wfiting  style  that  is  anything  but  dr\ . 
.Still,  however  simply  wnllcn.  sonic  ol  this 


inlomialion  will  be  dittlcult  going  lor  the 
average  reader.  Dr  Berger's  welcome  use  of 
humor  helps  hold  the  reader's  interest,  but 
the  reader  will  need  to  be  motivated  and 
focused  to  understand  the  technical  infor- 
mation. 

I  would  not  recommend  this  book  to  the 
patient  who  is  not  motivated  to  learn  about 
the  disease.  It  will  most  benefit  those  who 
want  to  be  involved  in  the  decisions  regard- 
ing their  own  health.  This  book  provides  an 
exceptional  amount  of  up-to-date  informa- 
tion for  the  patient  and  those  who  sh;u-e  in 
care,  including  the  health  care  professional. 

Although  intended  for  the  patient  and 
family.  I  find  this  bt)ok  an  exceptional  ref- 
erence for  the  patient  educator.  Education  is 
often  the  key  to  patient  compliance  with 
medical  instruction.  Once  a  professional  re- 
lationship v\  ith  the  patient  is  established,  the 
information  and  teaching  techniques  Dr 
Berger  uses  could  be  useful  in  developing 
an  approach  to  the  education  of  even  reluc- 
tant patients.  Overall  the  book  is  entertain- 
ing and  informative  and  is  a  must  read  for 
any  professional  working  in  asthma  educa- 
tion. 

Karen  J  Crogan  RRT 

Respiratory  Care  Department 

Harborview  Medical  Center 

University  of  Washington 

.Seattle.  Washington 

Control  Your  Child's  Asthma:  ,\  Break- 
through Program  for  the  Treatment  and 
Management  of  Childhood  .Asthma.  Ha- 
rold J  Farber  MD  and  Michael  Boyette.  New 
York:  Henry  Holt  and  Company.  2(K)I .  .Soft 
cover,  illustrated.  231  pages.  $14. 

In  the  last  decade,  much  has  been  learned 
about  asthma  and  its  iiianagcmcnt.  flicic- 
fore,  a  book  such  as  Control  \'our  Child's 
Asthma  would  appear  to  fill  an  imiHutanl 
need  as  a  resource  for  parents  of  asthmatic 
children.  This  book  is  the  latest  of  scscial 
such  manuals  available  to  help  families  ex- 
pand their  knowledge  of  a  disorder  that  can 
in  most  cases  be  controlled  with  available 
treatments.  Howe\er,  often  such  attempts  at 
control  tall  short  because  physicians  and 
other  caregivers  are  not  given  sufficient  time 
with  their  patients  to  explain  the  chronic 
nature  of  asthma  and  the  imponance  of  de- 
veloping and  adhering  to  the  chikl's  asthma 
treatment  plan.  II  rcati  and  rclcncd  lo  ollcn. 
a  hook  such  as  this  will  giv.itK  impiine 
outcomes. 


The  book  is  a  product  of  medical  per- 
sonnel at  the  Kaiser  Medical  ( iroup  and  their 
experiences  over  the  past  2  decades.  Al- 
though some  may  object  to  the  many  refer- 
ences to  their  system  of  health  care,  the  book 
should  not  be  considered  promotional  and 
IS  filled  with  valuable  inloriiiation.  Such  a 
book  often  reflects  the  experiences  and  prac- 
tices of  its  authors;  therefore,  most  physi- 
cians will  find  eiTors  and  differences  of  opin- 
ions. Such  was  the  case  when  I  first  read  the 
book,  but  fortunately  all  my  objections  were 
minor  and  inconsequential  overall  (for  ex- 
ample, Accolate  needs  to  be  taken  with 
food).  If  there  is  an  objection  lo  be  made 
about  the  book,  it  would  be  about  the  sub- 
title, "A  Breakthrough  Program  for  the 
Treatment  and  Management  of  Childhood 
Asthma."  which  might  lead  some  readers  to 
believe  that  there  is  something  written  in 
this  book  that  is  unique  about  asthma  con- 
trol and  that  cannot  be  obtained  elsewhere, 
which  is  not  the  case:  most  specialists  who 
see  asthmatic  children  agree  on  what  should 
be  done.  It  is  patient  and  family  treatment- 
program  adherence  that  often  can  be  im- 
proved with  books  such  as  this.  This  hook 
is  well  written,  organized,  resourceful,  and 
filled  w  ith  answers  lo  many  questions,  some 
not  so  commonly  asked. 

The  book  is  organized  into  3  p;irts:  "The 
Asthma  Revolution,"  "The  Three  Lines  of 
Defense."  and  "Parents"  Guide  "  In  addi- 
tion, for  parents  and  patients  who  desire  to 
"go  to  the  source"  for  information,  there  ai^e 
references  to  medical  articles  on  key  topics. 

In  "Three  Lines  of  Defense"  the  authors 
describe  the  foundation  for  controlling  asth- 
ma: ( 1 )  Manage  the  environment.  (2)  man- 
age the  bronchial  tubes,  and  ( 3 )  manage  the 
fiare-ups.  This  well-organi/ed  section  helps 
the  family  develop  a  management  plan  for 
asthma  that  can.  if  followed,  lead  to  better 
control.  No  one  strategy  is  emphasized  more 
that  the  other  (which  is  appropriate),  and 
the  section  gives  detailed  information  on 
treatment,  reasonable  expectations  lor  suc- 
cess, and  guidelines  on  managing  exacer- 
bations. 

In  the  chapter  on  managing  the  environ- 
ment, various  asthma  triggers  are  discussed 
in  appropriate  detail,  and  the  importance  of 
avoidance  measures  is  emphasized.  It  should 
be  clear  to  the  reader  that  therapy  starts  here. 
In  the  chapter  on  managing  the  bronchial 
lubes  the  emphasis  is  on  the  v  ariety  of  med- 
icalions  available,  their  proper  role  in  treat- 
mcnl.  and  then  proper  use.  Since  control  of 
this  disorder  ollcn  can  come  onlv  llnouiih 
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ihe  proper  selection  of  a  medication  to  treat 
llic  underlying  inflammation  process,  this 
chapter  should  help  to  greatK  improve  con- 
trol through  a  better  understanding  of  risk/ 
henelu  ratios.  Fear  of  adverse  effects  should 
not  be  part  of  a  good  management  program, 
hut  medical  personnel  often  minimize  the 
unpact  that  fear  has  on  parents  and  patients, 
and  this  book  addresses  the  issue  openly 
and  thoroughly.  Since  many  asthma  medi- 
cations need  to  be  inhaled  conectly  to  be 
maximally  effective,  1  think  this  chapter  u  ill 
be  particularly  helpful  to  the  many  patients 
who  ha\  e  dil  liculty  achieving  proper  inhaler 
technique.  In  the  chapter  on  managing  flare- 
ups,  the  emphasis  is  on  early  detection  and 
implementing  changes  sooner  rather  than 
later,  w  hether  at  home  or  school.  This  chap- 
ter also  can  be  extremely  helpful  in  prevent- 
ing the  serious  outcomes  that  often  result 
from  delays.  The  stepwise  approach  out- 
lined here  is  appropriate  and  does  not  sug- 
gest a  delay  in  obtaining  medical  care. 

The  third  part  of  the  book,  "Parents' 
Guide,"  is  filled  with  information  on  find- 
ing the  right  doctor  or  health  plan  and  prop- 
erly using  the  various  inhalers  and  peak  flow 
devices.  There  are  chapters  on  infants  and 
toddlers,  teenagers,  and  special  needs  out- 
side the  home  (at  school  and  with  family 
and  friends),  as  well  as  on  complementary 
and  alternative  treatment,  to  which  many 
turn  for  answers  without  receiving  an  hon- 
est or  complete  answer.  Finally,  potential 
future  therapies  are  discussed  briefly  but 
with  enough  detail  to  inform  without  rais- 
ing unrealistic  expectations.  The  answers  to 
the  17  frequently  asked  questions,  which 
are  covered  thoroughly  at  the  end,  will,  for 
many,  be  worth  the  price  of  the  book. 

This  book,  if  read  and  followed  by  all 
parents  of  asthmatic  children,  would  indeed 
fulfill  the  promise  of  its  title.  "Control  Your 
Child's  Asthma." 

James  P  Kemp  MD 

Department  of  Pediatrics 

Division  of  Imnumology  and  Allergy 

University  of  California 

School  of  Medicine 

San  Diego,  California 

KnvironmenUil  Asthma.  Robert  K  Bush 
MD.  Fxlitor.  (Lung  Biology  in  Health  ;md  Dis- 
ea.se.  Volume  l.'>.^,  Claude  Lenfant.  Executive 
Editor. )  New  York:  Mitfcel  Dekker.  200 1 .  H;ird 
cover,  illustrated.  .'^VO  pages,  S165. 


EnvironiiK'iital  Asthma  is  Ihe  1 5.^rd  vol 
ume  of  the  Lung  Biok)gy  in  Health  and 
Disease  series.  In  .^70  pages,  the  editor,  Rob- 
ert Bush,  incorporates  l.^i  chapters  focusing 
on  hov\  en\  ironmenlal  factors  influence  the 
onset  and  clinical  expression  of  asthma.  In 
an  opening  chapter  Dr  Bush  identifies  ihc 
themes  thai  the  remainder  of  the  book  ex- 
pands on,  and  the  last  chapter  takes  a  Ibr- 
ward-looking  approach.  The  first  and  last 
chapters  give  the  reader  some  insight  into 
Dr  Bush's  concept  of  environmental  asthma 
antl  they  represent  valuable  summaries.  Of 
all  the  common  respiratory  diseases,  asthma 
is  the  one  in  which  there  are  clear  environ- 
mental links  involving  multiple  factors. 
Thus,  the  first  4  chapters  sequentially  deal 
with  antigen-induced  airway  disease,  with 
specific  focus  on  dust  mites,  animal  aller- 
gens, funguses,  and  pollens.  These  chapters 
prov  ide  reasonable  overviews  of  rapidly  ex- 
panding fields,  each  of  which  could  be  the 
topic  for  a  single  volume!  The  advent  of 
molecular  biology  has  provided  fascinating 
insights  into  allergen  structure  in  relation  to 
function.  In  this  context,  more  detail  would 
have  been  helpful  on  what  makes  an  aller- 
gen an  allergen,  how  the  intrinsic  biological 
activities  of  some  allergens  may  confer  a 
sensitization  advantage,  and  how  allergens 
are  processed  at  the  airway  surface  and  sub- 
sequently translated  into  a  systemic  immune 
response. 

Since  the  book  deals  with  the  environ- 
mental aspects  of  asthma,  the  following  3 
chapters  on  air  pollution  and  the  indoor  and 
outdoor  environments  contain  first-class  de- 
scriptions of  additional  key  factors  other  than 
allergen  exposure  that  are  believed  to  be 
important  in  the  onset  and  progression  of 
asthma.  Although  not  explicitly  stated,  it  is 
implied  that  asthma  arises  from  a  sequential 
progression  in  susceptible  individuals:  al- 
lergen exposure  — >  sensitization  — >  media- 
tor release  — ♦  inflammation  -^  altered  air- 
way function.  However,  what  is  not  brought 
into  this  sequence  is  how  air  pollution,  ex- 
posure to  cn\  ironmental  tobacco  smoke,  vi- 
ral infections,  and  dietary  risk  factors  (eg, 
low  antioxidants)  could  influence  airway  re- 
sponse to  allergens.  Since  the  population- 
attributable  risk  of  atopy  in  asthma  is  only 
.^.'S-4()'"*.  these  additional  factors  are  im- 
portant and  need  to  be  put  into  context.  The 
indoor  environment  is  given  special  atten- 
tion, quite  rightly,  because  most  humans 
spend  the  greatest  part  of  their  lime  mdoors; 
but.  when  assessing  the  influence  of  the  en- 
vironment on  disease  expression,  total  per- 


sonal exposure  as  well  as  consideration  of 
troughs  and  peaks  of  exposure  and  co-ex- 
posures become  important  issues  to  which 
Hide  attention  is  directed.  The  .3  chapters  on 
occupational  asthma  are  most  informative, 
the  first  containing  a  comprehensive  list  of 
occupational  sensitizing  agents.  The  wcll- 
iiilormed  discussion  on  pathophysiological 
mechanisms  of  occupational  asthma  makes 
these  i  chapters  especially  valuable. 

Chapter  14  provides  a  concise  overview 
of  the  use  of  immunotherapy  in  asthma  man- 
agement and  the  recent  trials  of  novel  de- 
livery routes,  such  as  sublingual  and  nasal. 
What  also  would  be  valuable  is  a  detailed 
appraisal  of  allergen  reduction  strategies  in 
primary,  sccondaiy,  and  tertiary  prevention. 

Overall,  this  book  provides  a  reasonable 
overview  of  the  role  of  environmental  ex- 
posures in  asthma,  though  inany  of  the  sub- 
jects are  dealt  with  rather  superficially — 
much  of  this  information  can  be  found  in 
current  major  textbooks.  Thus  an  opportu- 
nity was  missed  to  deal  with  current  issues 
of  gene-environment  interaction  by  apprais- 
ing the  modern  immunology  literature  in 
relation  to  the  eariy-life  origin  of  asthma 
and  how  that  might  be  connected  (or  not)  to 
other  organ  manifestations  of  allergy,  the 
literature  on  the  rising  trends  in  allergy  and 
asthma  as  they  affect  the  developed  and  de- 
veloping world  and  possible  underlying 
mechanisms  (eg,  a  thorough  appraisal  of  the 
"hygiene  hypothesis"),  and  the  influence  of 
the  environment  on  the  natural  history  of 
asthma  and  the  role  of  airway  wall  remod- 
eling. Important  environmental  factors  are 
also  excluded,  such  as  the  role  of  viral  (and 
some  bacterial)  infections  and  diet  (espe- 
cially the  influence  of  obesity  and  anti-ox- 
idants).  Of  the  allergens  that  are  tightly 
linked  to  asthma,  cockroaches  and  a  wide 
range  of  antigens  that  depend  on  climatic 
and  housing  conditions  in  different  parts  of 
the  world  are  dealt  with  only  fleetingly.  Fi- 
nally, the  text  has  a  somewhat  "dated"  feel 
about  it  because  it  does  not  take  advantage 
of  the  extensive  cell  and  molecular  biology 
literature  available  in  this  field  and  work 
that  knowledge  into  the  sections  dealing  with 
pathophysiology  and  future  treatment. 

Though  this  book  provides  a  readable 
overview  of  environmental  factors  in 
asthma,  when  compared  to  other  books  in 
this  series,  its  treatment  of  the  topic  is  some- 
what superficial  and  nan-ow.  The  book  lacks 
illustrations  but.  as  a  textbook,  at  $I6.'>.  it 
would  be  a  good  read  for  clinicians  and 
scientists  who  wish  to  obtain  an  overview 
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of  this  subject  w  ithinil  ilcni.iruiing  too  rniii.'h 
effort. 

Stephen  T  Holyate  MD  DSc 

Respiratory.  Cell,  and  Molecular  Blolosiy 

Division  of  Infection.  Inflammation. 

and  Repair 

School  of  Medicine 

University  of  Southampton 

Southampton.  United  Kingdom 

Cilia  and  Mucus:  From  Development  to 
Respiratory  Defense.  Matthias  Salathe.  Ed- 
itor. New  York;  Marcel  Dekker.  2001.  Hard 
cover,  illustrated.  426  pages.  $185. 

This  book  contains  the  conference  pro- 
ceedings from  the  second  International 
Meeting  on  Mucus  and  Cilia,  held  in  Italy 
in  1999.  at  which  clinicians  and  scientists 
shared  and  discussed  their  tindings  on  the 
biology  of  the  mucociliary  apparatus.  The 
contributors  are  leaders  in  their  fields  of  re- 
search, and  I  commend  the  editor  for  orga- 
nizing such  a  heterogeneous  group.  The  pro- 
ceedings of  the  first  International  Meeting 
on  Cilia,  Mucus,  and  Mucociliary  Interac- 
tions, held  in  Jerusalem  in  1997.  were  sum- 
marized in  the  book  Cilia,  Mucus  cine!  Mu- 
cociliary Interactions,  edited  by  GL  Baum. 
Z  Priel.  Y  Roth.  N  Liron.  and  EJ  Ostfeld. 
and  published  by  Marcel  Dekker  in  1998. 

Cilia  and  Mucus:  From  Development 
to  Respiratory  Defense  is  in  3  parts:  cilia, 
mucus,  and  mucociliary  interactions.  Each 


part  begins  w  ith  a  comprehensive  introduc- 
tion that  sets  the  research  in  its  clinical  con- 
text. The  chapters  are  staiclured  as  research 
papers  and  many  include  results  from  the 
writers"  own  research. 

Part  I  (Chapters  1-15)  discuss  the  essen- 
tials of  cilia  physiology.  Chapters  I  and  2 
present  the  structure  of  the  cilia.  Chapters 
3-8  examine  the  regulation  of  ciliary  beat 
frequency  by  Ca"  * .  Na  * .  and  the  guanosine- 
monophosphate  (GMP)-dependent  protein 
kinase.  Chapters  9-1 1  discuss  the  genom- 
ics of  primary  ciliary  dyskinesia.  Chap- 
ters 12-15  introduce  in  vitro  models  for 
studying  mucociliary  function.  Chapters 
13  and  14  describe  the  clinical  relevance  of 
the  ciliary  beat  frequency  changes  due  to 
Streptococcus  pneumcmiac  and  macrolide 
antibiotics. 

Part  U  (Chapters  16-25)  focu.ses  on  air- 
way secretions.  Chapter  16  reviews  mucins 
biology  relevant  to  the  lung.  Chapters 
17-19  explain  the  role  of  myristoy lated  ala- 
nine-rich  protein  kinase  C-substrate 
(MARCKS)  and  human  neutrophil  elastase 
on  mucin  gene  expression  and  protein  pro- 
duction. Chapter  2 1  describes  the  discovery 
that  the  MUCl  mucin  is  a  receptor  for 
Pseudcvnonas  aeruginosa.  In  Chapter  24  it 
is  hypothesized  that  mucins  might  be  useful 
in  the  diagnosis  of  malignant  pleural  effu- 
sions. Chapter  25  describes  the  potential 
use  of  charged  oligosaccharides  for  muco- 
lytic therapy. 


Part  111  (Chapters  26-35)  describes  mu- 
cociliiiry  interactions  and  places  the  first  2 
parts  of  the  book  in  a  more  clinically  rele- 
vant context.  Chapters  26-30  discuss  the 
physiology  of  mucociliary  interactions  and 
describe  techniques  to  measure  clearance  in 
vivo.  Chapters  3 1-35  then  apply  those  tech- 
niques to  asses  the  effect  of  mannilol.  neu- 
trophil elastase,  and  cough  on  muccKiliary 
clearance. 

The  primary  strength  of  this  book  is  that 
it  provides  comprehensive  updates  and 
summaries  of  this  field  of  research.  Be- 
cause the  chapters  are  fairly  short,  the  ma- 
terial is  sometimes  presented  a  bit  superfi- 
cially, but  there  are  many  well  done  figures 
and  tables.  Because  the  meeting  the  book 
commemorates  was  held  in  the  spring  of 
1 999.  some  of  the  chapters  are  out  of  date, 
but  this  is  still  the  most  comprehensive  and 
recent  reference  in  this  field.  The  b(xik  is 
possibly  too  detailed  for  the  clinician  but  it 
is  a  must  for  researchers.  It  gives  a  good 
overview  of  some  of  the  most  important 
aspects  of  mucus  and  cilia  and  their  inter- 
action, and  it  al.so  describes  the  clinically 
relevant  relationships. 

Markus  O  Henke  MD 
Bruce  K  Rubin  MD  MEngr 

Department  of  Pediatrics 

Wake  Forest  University 

School  of  Medicine 

Winston-Salem.  North  Carolina 
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Selection  of  an  Oxygen  Delivery  Device  for 
Neonatal  and  Pediatric  Patients  —  2002  Revision  &  Update 


NPODD  1.0  PROCEDURE: 

The  selecliiMi  of  an  oxygen  delivery  system  for 
neonatal  and  pediatric  patients  includes  patients 
u  ith  and  w  itliout  artificial  airways. 

NPODD  2.0  DESCRIPTION: 

The  administration  of  supplemental  oxygen  to 
neonatal  and  pediatric  patients  requires  the  selec- 
tion of  an  oxygen  delivery  system  that  suits  the  pa- 
tient's size,  needs,  and  the  therapeutic  goals.  Oxy- 
gen delivery  systems  are  categorized  as  either  low- 
flow  (variable  performance)  or  high-flow  (fixed 
performance)  systems.'  Low-flow  provide  an  Fpo: 
(fractional  concentration  of  delivered  oxygen)  that 
varies  with  the  patient's  inspiratory  flow  and  are 
classified  as  variable-performance  oxygen  delivery 
systems.'  High-flow  systems  can  provide  a  specific 
Fdo:  at  flows  that  meet  or  exceed  the  patient's  in- 
spiratory flow  requirement  and  are  classified  as 
fixed-performance  oxygen  delivery  systems. 
2.1  Lovv-tlow  systems: 

2.1.1  Nasal  cannulas  consist  of  two  soft 
prongs  that  arise  from  oxygen  supply  tub- 
ing.- The  prongs  are  inserted  into  the  pa- 
tient's anterior  nares.  and  the  tubing  is  se- 
cured to  the  patient's  face.  Oxygen  flows 
from  the  cannula  into  the  patient's  na- 
sopharynx, which  acts  as  an  anatomic 
reservoir.^  The  fractional  concentration  of 
inspired  oxygen  (FioO  varies  with  the  pa- 
tient's inspiratory  flow.^ 

2.1.2  Nasopharyngeal  catheters  are  soft 
tubes  with  several  distal  holes.  The 
catheter  should  be  inserted  into  the  pa- 
tient's nose  to  a  depth  equal  to  the  dis- 
tance from  the  ala  nasi  to  the  tragus'^  or  be 
gently  advanced  and  then  withdrawn  until 
it  rests  slightly  behind  the  uvula.'  The 
tube,  secured  to  the  patient's  face,  is  con- 
nected to  oxygen  supply  tubing.  Oxygen 
flows  from  the  catheter  into  the  patient's 


oropharynx,  which  acts  as  an  anatomic 
reservoir.''  The  F|o,  varies  with  the  pa- 
tient's inspiratory  flow.' 

2.1.3  Tracheostomy  oxygen  adapters  are 
devices  that  attach  either  directly  to  a  tra- 
cheostomy tube  or  to  a  heat-moisture  ex- 
changer (HME),  which  is  then  attached  to 
the  tube.  (HMEs  or  artificial  noses  col- 
lects a  patient's  expired  heat  and  moisture 
and  returns  it  during  the  following  inspi- 
ration.') The  oxygen  supply  tube  connect- 
ed to  the  adapter  provides  a  blow-by 
source  of  oxygen  that  results  in  a  variable 
Fio:-  These  devices  are  intended  for  short 
periods  such  as  brief  transports  or  to  in- 
crease patient  mobility.** 

2.1.4  Transtracheal  catheters  are  devices 
that  delivery  gas  directly  into  the  trachea 
via  a  small  percutaneous  catheter  held  in 
place  with  a  bead  chain  necklace.'* 

2.2  Reservoir  systems: 

2.2.1  Simple  oxygen  masks  are  plastic 
reservoirs  designed  to  fit  over  the  pa- 
tient's nose  and  mouth  and  be  secured 
around  the  patient's  head  by  an  elastic 
strap.'"  An  increased  reservoir  effect  is 
produced  by  adding  the  volume  of  the 
mask.'  Oxygen  is  delivered  through  a 
small-bore  tube  connected  to  the  base  of 
the  mask.  Holes  on  each  side  of  the  mask 
provide  an  egress  for  exhaled  gases  and 
serve  as  room-air  entrainment  ports.'"  The 
F|o-  varies  with  the  patient's  inspiratory 
flow,  mask  fit  and  patient  respiratory  pat- 
tern.'" 

2.2.2  Partial-rebreathing  masks  are  simi- 
lar to  simple  oxygen  masks  but  contain  a 
reservoir  at  the  base  of  the  mask.'"  The 
reservoir  receives  fresh  gas  plus  exhaled 
gas  approximately  equal  to  the  volume  of 
the  patient's  anatomic  dead  space.'"  The 
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oxygen  concentration  of  the  exhaled 
gases  combined  with  the  supply  of  fresh 
oxygen,  permits  the  use  of  flows  lower 
than  those  necessary  for  other  devices  (eg, 
non-rebreathing  masks),  and  potentially 
conserves  oxygen  use. 
2.2.3  Non-rebreathing  masks  are  similar 
to  partial-rebreathing  masks  but  do  not 
permit  the  mixing  of  exhaled  gases  with 
the  fresh  gas  supply.'"  A  series  of  one- 
way valves  ensures  a  fresh  oxygen  supply 
with  minimal  dilution  from  the  entrain- 
ment  of  room  air.'  The  one-way  valve 
over  the  reservoir  bag  prevents  entry  of 
expired  gas,  and  the  one-way  valve  over 
one  of  the  side  ports  limits  entrainment  of 
room  air.'  This  design  provides  a  higher 
Fio:  than  the  simple  and  partial-rebreath- 
ing masks  and  the  nasal  devices  providing 
the  mask  fits  correctly. ' 
2.3  High-flow  systems: 

2.3.1  An  air-entrainment  mask  contains  a 
jet  orifice  and  air  entrainment  ports  and  is 
designed  to  fit  over  the  patient's  nose  and 
mouth  and  is  connected  to  oxygen  supply 
tubing.'  Oxygen  under  pressure  is  forced 
through  a  small  jet  orifice  entering  the 
mask.  The  velocity  increases  causing  a 
shearing  effect  distal  to  the  jet  orifice, 
which  causes  room  air  to  be  entrained  into 
the  mask.'-  The  total  flow  provided  by  the 
mask  is  determined  by  the  cross-sectional 
area  of  the  entrainment  ports,  the  diameter 
of  the  jet  orifice,  and  the  oxygen  flow  to 
the  jet.  The  Fdo:  is  determined  by  the  di- 
mensions of  the  jet  and  the  entrainment 
ports.  The  entrainment  mechanism  is 
based  on  the  principles  described  by 
Bernoulli.'-  A  collar  can  be  attached  to 
the  base  of  the  corrugated  hose  for  supple- 
mental humidification,"  and  the  device 
can  be  adapted  to  a  tracheostomy  collar. 

2.3.2  Air-entrainment  nebulizers  are  gas- 
powered,  large-volume  nebulizers  that 
contain  an  adjustable  air-entrainment 
port,  which  determines  specific  oxygen 
concentrations.'"''*  In  addition  to  provid- 
ing particulate  water  with  or  without 
added  medication,  heated  nebulizers  can 
deliver  gas  saturated  with  water  vapor  at 


body  temperature.'^  A  corrugated  hose 
serves  as  a  conduit  from  the  nebulizer  to 
an  aerosol  mask,  face  tent,  tracheostomy 
collar,  or  T-piece." 
2.4  Enclosure  Systems: 

2.4.1  Oxygen  hoods  are  transparent  en- 
closures designed  to  surround  the  head  of 
the  neonate  or  small  infant.'"'^  A  continu- 
ous flow  of  humidified  oxygen  is  supplied 
to  the  hood.'"'*  Transparent  enclosures  in 
larger  sizes  (so-called  tent  houses  or  huts) 
are  available  for  patients  who  are  too  big 
for  neonatal-size  hoods.'' 

2.4.2  Closed  incubators  are  transparent 
enclosures  that  provide  a  warm  environ- 
ment for  small  infants  with  temperature 
instability.'"  Supplemental  oxygen  can  be 
added  to  incubators  but  may  result  in  an 
increased  oxygen  concentration.'"  The 
primary  purpose  of  an  incubator  is  to  pro- 
vide a  temperature-controlled  environ- 
ment. Humidification  is  available  through 
a  baffled  blow-over  water  reservoir:  how- 
ever, due  to  the  high  risk  of  infection  as- 
sociated with  this  humidification  system, 
alternative  sources  are  used.'"  Therefore, 
the  incubator  is  not  further  discussed  as  an 
oxygen  delivery  device.'^ 

NPODD  3.0  SETTING: 

Oxygen  delivery  devices  are  used  in  a  number  of 
settings  including  hospitals,  clinics,  extended  care 
facilities,  the  home,  and  patient  transport  vehicles. 

NPODD  4.0  INDICATIONS: 

The  selection  of  an  oxygen  delivery  device  is  indi- 
cated with: 

4.1  documented  hypoxemia'^"* 

4.2  an  acute  situation  in  which  hypoxemia  is 
suspected  or  in  which  suspected  regional  hy- 
poxia may  respond  to  an  increase  in  PaO;-  Sub- 
stantiation of  PyO:  is  required  within  an  appro- 
priate period  of  time  following  initiation  of 
therapy.''"* 

NPODD  5.0  CONTRAINDICATIONS: 

5.1  No  specific  contraindications  to  delivering 
oxygen  exist  when  indications  are  judged  to  be 
present."* 

5.2  Nasal  cannulas  and  nasopharyngeal 
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catheters  are  contraindicated  in  patients  with 
nasal  obstruction  (eg.  nasal  polyps,  choanal 
atresia,  etc).'" 

5.3  Nast)pharyngeal  catheters  are  contraindicat- 
ed in  the  presence  of  maxillofacial  trauma.'^  in 
patients  in  whom  a  basal  skull  fracture  is  pre- 
sent or  suspected,'**  or  coagulation  problems 
exist.' 

5.3.1  It  is  the  expert  opinion  of  the  Clini- 
cal Practice  Guideline  Steering  Commit- 
tee (2002)  that  nasopharyngeal  catheters 
are  not  appropriate  for  oxygen  adminis- 
tration in  the  neonatal  population. 

5.4  Although  opinions  vary,-'  -^  infants  intubat- 
ed for  airway  protection  should  probably  be 
placed  on  CPAP  (ie,  physiologic  CPAP)  for 
supplemental  oxygen  rather  than  on  a  T-piece 
because  of  the  loss  of  physiologic  end-expirato- 
ry pressure  created  by  an  open  glottis. 

NPODD  6.0  HAZARDS/PRECAUTIONS/POS- 
SIBLE COMPLICATIONS: 

6.1  Physiologic; 

6.1.1  The  etiology  of  retinopathy  of  pre- 
maturity, especially  the  role  of  oxygen,  is 
controversial.  Care  should  be  taken  when 
supplemental  oxygen  is  provided  to 
preterm  infants  (<  37  weeks  gestation).  It 
is  suggested  that  oxygen  supplementation 
should  not  result  in  a  PaO:  >  80  torr.-'^ 

6.1.2  The  administration  of  supplemental 
oxygen  to  patients  with  certain  congenital 
heart  lesions  (eg,  hypoplastic  left-heart, 
single  ventricle)  may  cause  an  increase  in 
alveolar  oxygen  tension  and  compromise 
the  balance  between  pulmonary  and  sys- 
temic blood  flow.-"--^ 

6.1.3  The  administration  of  supplemental 
oxygen  to  patients  suffering  from 
paraquat  poisoning  or  to  patients  receiv- 
ing certain  chemotherapeutic  agents  (eg, 
bleomycin)  may  result  in  pulmonary  com- 
plications (eg,  oxygen  toxicity  and  pul- 
monary fibrosis).-''^'" 

6.1.4  Stimulation  of  the  superior  laryn- 
geal nerves  may  cause  alterations  in  respi- 
ratory pattern  if  the  gas  flow  from  the 
oxygen  source  is  cool  and  is  directed  at 
the  face  of  the  infant." 

6.1.5  Inappropriate  selection  of  Fdo:  or 


oxygen  flow  may  result  in  hypoxemia  or 
hyperoxemia. 
6.2  Eciuipment-reiated 

6.2.1  Nasal  cannulas: 

6.2.1.1  Skin  irritation  can  result  from 
material  used  to  secure  the  cannula'" 
or  from  local  allergic  reaction  to 
polyvinyl  chloride. ^-^ 

6.2.1.2  Improper  sizing  can  lead  to 
nasal  obstruction  or  irritation.^  -*■* 

6.2.1.3  Displacement  can  lead  to  loss 
of  oxygen  delivery.^ 

6.2.1.4  Inadvertent  CPAP  may  be  ad- 
ministered depending  upon  the  size  of 
the  nasal  cannula,  the  gas  flow,  and  the 
infant's  anatomy.''-''-" 

6.2.1.5  Irritation  can  result  if  flows  are 
excessive. 

6.2.2  Nasopharyngeal  catheters: 

6.2.2.1  Improper  insertion  can  cause 
gagging''  and  nasal  or  pharyngeal  trau- 
ma.^ 

6.2.2.2  Improper  sizing  can  lead  to 
nasal  obstruction  or  irritation. '■^■* 

6.2.2.3  Excessive  flow  can  produce 
pain  in  the  frontal  sinuses.'" 

6.2.2.4  Pneumocephalus  is  a  rare  but 
possible  complication.^** 

6.2.2.4  Excessive  secretions  and/or 
mucosal  inflammation  can  result.^-^' 

6.2.2.5  Skin  irritation  may  result  from 
material  used  to  secure  the  cannula'-^' 
and/or  from  local  allergic  reaction  to 
polyvinyl  chloride.''^ 

6.2.2.6  Occlusion  of  distal  openings 
may  occur. ' 

6.2.2.7  Excessive  flow  may  cause  gas- 
tric distention.' 

6.2.3  Transtracheal  catheters: 

6.2.3.1  Increase  risk  of  infection  com- 
pared to  nasal  cannulas  and  catheters""'"" 

6.2.3.2  Increased  risk  of  complica- 
tions"'-"" 

6.2.4  Masks: 

6.2.4.1  Aspiration  of  vomitus  may  be 
more  likely  when  a  mask  is  in  place. 

6.2.4.2  Irritation  may  result  from  tight 
application.'""*'^ 

6.2.4.3  Rebreathing  of  CO2  may  occur 
if  total  O2  How  is  inadequate.'"*-^'' 
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6.2.4.4  li  is  the  expert  iipinion  nf  the 
Clinical  Practice  Guideline  Steering 
Committee  (2002)  that  partial  re- 
brcathers  or  non-rebreathers  are  not  ap- 
propriate for  the  neonatal  population. 

6.2.5  Air-enlrainment  nebulizers: 

6.2.5.1  produce  high  noise  levels  in  en- 
closed environments  (eg,  hoods,  incuba- 
tors) and  may  induce  hearing  impair- 
ment:"*^ when  an  air-entrainment  nebu- 
lizer is  used  in  an  enclosed  environment, 
the  entrainnient  port  should  be  set  on 
lOOVf  (ie,  closed)  and  the  nebulizer 
powered  either  by  a  blender  or  by  com- 
pressed air  with  titration  of  oxygen  to 
the  desired  concentration.''' 

6.2.5.2  are  susceptible  to  contamina- 
tion;-''^ "' 

6.2.5.3  may  cause  bronchoreactivity  in 
patients  with  reactive  airways  when 
used  with  nonisotonic  solutions:" 

6.2.5.4  may  create  unwanted  torque 
and  increase  the  likelihood  of  inadver- 
tent extubation  or  decannulation  of  the 
patient  when  used  with  a  T-piece  and 
applied  directly  to  an  endotracheal  or 
tracheostomy  tube;'-^ 

6.2.5.5  may  not  provide  particles  of  de- 
sired size  range  and  in  a  predictable 
dose;^- 

6.2.5.6  if  unheated,  may  induce  cold 
stress  in  neonates:"  '^^ 

6.2.5.7  Condensate  in  tubing  may  re- 
sult in  advertent  lavage  when  attached 
to  the  endotracheal  tube. 

6.2.6  Hoods  and  transparent  enclosures: 

6.2.6.1  Prolonged  exposure  to  humidi- 
fied oxygen  may  increase  risk  for  cuta- 
neous fungal  infection. ''■* 

6.2.6.2  inadequate  or  loss  of  gas  flow 
may  result  in  hypoxia  or  hypercapnia. 

6.2.6.3  Temperature  within  enclosures 
should  be  closely  monitored  to  reduce 
the  potential  for  cold  stress  or  apnea 
from  overheating  in  neonates.-"-^-' 

6.2.6.4  Use  of  an  improperly  sized 
hood  can  result  in  irritalit)n  of  the  in- 
fant's skin." 

6.2.7  Tracheostomy  oxygen  adapters: 
Adapters  may  create  unwanted  torque  and 


increase  the  likelihood  of  inadvertent  de- 
cannulation of  the  patient,  and  HMEs  may 
increase  work  of  breathing  to  an  unac- 
ceptable level  in  patients  <  8  kg  if  dead 
space  and  resistance  are  high.-^^ 

6.3  During  laser  bronchoscopy,  minimal  levels 
of  supplemental  oxygen  should  be  used  to  de- 
crease the  risk  of  intratracheal  ignition."*''^ 

6.4  Fire  hazard  is  increased  in  the  presence  of 
increased  oxygen  concentrations."^ 

6.5  Bacterial  contamination  has  been  associat- 
ed with  certain  nebulization  and  humidilication 
systems.''*'"-^" 

NPODD  7.0  LIMITATIONS: 

7.1  Nasal  cannulas: 

7.1.1  Changes  in  minute  ventilation  and 
inspiratory  How  affect  air  entrainnient  and 
result  in  fluctuations  in  Fio:.""''' 

7.1.2  Prongs  are  difficult  to  keep  in  posi- 
tion, particularly  with  small  infants.-'-''" 

7.1.3  The  effect  of  mouth  versus  nose 
breathing  on  Fio:  remains  controversial.'''-'^ 

7.1.4  Use  may  be  limited  by  the  presence 
of  excessive  mucus  drainage,  mucosal 
edema,  or  a  deviated  septum.'" 

7.1.5  Maximum  flow  should  be  limited  to 
2  L/min  in  infants  and  newborns. '■^■"■•''** 

7.1.6  Care  should  be  taken  to  keep  the 
cannula  tubing  and  straps  away  from  the 
neck  to  prevent  airway  obstruction  in  in- 
fants. 

7.1.7  Discrepancies  between  set  and  de- 
livered flow  can  occur  in  the  same 
flownieter  at  different  settings  and  among 
different  flowmeters. 

7.1.8  Discrepancies  in  tlow  and  oxygen 
concentration  between  set  and  delivered 
values  can  occur  in  low-tlow  blenders  at 
flows  below  the  recommended  range  of 
the  blender. 

7.2  Nasopharyngeal  catheters: 

7.2.1  Method  is  in  less  common  use  be- 
cause of  the  complexity  of  care. '^ 

7.2.2  Fio:  is  difficult  to  control  and  mea- 
sure.'^'''* 

7.2.3  Effect  of  mouth  \ersus  nose  breath- 
ing on  Fio:  remains  controversial."'  "■* 

7.2.4  Use  may  be  limited  by  excessive 
mucus  drainage,  mucosal  edema,  or  the 
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presence  of  a  deviated  septum/' 

7.2.5  Catheter  shduld  he  cleared  treqiicntly 
to  prevent  occlusion  oi'  the  distal  holes. -'^•'' 
The  patient  should  be  observed  for  evi- 
dence of  catheter  occlusion,  and  the 
catheter  should  be  alternated  between  nares 
eveiy  8- 1 2  hours  and  changed  daily."^ 

7.2.6  Catheter  sizes  less  than  8  Fr  are  less 
effective  in  oxygen  delivery.'^ 

7.2.7  Lower  oxygen  concentrations  are 
delivered  if  the  catheter  is  placed  in  the 
nose  rather  than  in  the  pharynx.'' 

7.2.8  Low-flow  flowmeters  (<  3  L/min) 
should  be  used.'' 

7.2.9  Discrepancies  between  set  and  de- 
livered flow  can  occur  in  the  same 
flowmeter  at  different  settings  and  among 
different  flowmeters. 

7.2.10  Discrepancies  in  flow  and  oxygen 
concentration  between  set  and  delivered 
values  can  occur  in  low-flow  blenders  at 
flows  below  those  recommended  by  the 
manufacturer. 

7.3  Transtracheal  catheters: 

7.3.1  Method  is  in  less  common  use  be- 
cause of  the  complexity  of  care.' 

7.3.2  Requires  frequent  medical  monitor- 
ing' 

7.3.3  Replacement  catheters  are  costly.' 

7.3.4  Increased  time  needed  for  candidate 
evaluation  and  teaching' 

7.4  Masks: 

7.4.1  provide  variable  Fio:  depending  on 
inspiratory  flow  and  construction  of  the 
mask's  reservoir'^  and  are  not  recom- 
mended when  precise  concentrations  are 
required;''^-^^ 

7.4.2  are  confining  and  may  not  be  well 
tolerated:*''* 

7.4.3  interfere  with  feeding:** 

7.4.4  may  not  be  available  in  sizes  appro- 
priate for  all  patients: 

7.4.5  require  a  minimum  tlow  per  manu- 
facturer's instructions  to  avoid  possible 
rebreathing  of  CO2. '■*■"■■**' 

7.4.6  The  maximum  Fio;  attainable  with  a 
simple,  non-rebreathing  or  partial-re- 
breathing  mask  in  neonates,  infants,  and 
children  has  not  been  well  documented.""' 

7.4.7  The  performance  of  air-entrainment 


masks  may  be  altered  by  resistance  to 
flow  distal  to  the  restricted  orifice  (result- 
ing in  higher  Fdq,  and  lower  tt)tai  flow 
delivered).  The  total  flow  from  air-en- 
trainment masks  at  settings  greater  than 
0.40  may  not  equal  or  exceed  the  patient's 
inspiratory  flow.'"'** 

7.4.8  Performance  is  altered  if  the  entrain- 
ment  ports  are  blocked. 

7.5  Air-entrainment  nebulizers: 

7.5.1  are  vulnerable  to  alterations  de- 
scribed in  Section  7.4.7: 

7.5.2  should  have  temperature  monitored 
if  they  are  heated.  (Cool  mist  is  not  rec- 
ommended for  newborns  because  of  the 
potential  for  cold  stress.^'  "^M  In  newborns, 
the  temperature  of  the  gas-aerosol  mix- 
ture at  the  patient  should  be  approximate- 
ly equal  to  the  desired  environmental  tem- 
perature.^'' 

7.5.3  may  have  performance  altered  by  re- 
sistance to  flow  distal  to  the  restricted  ori- 
fice (resulting  in  higher  Fdo:  and  lower 
total  flow  delivered).  The  total  tlow  from 
air-entrainment  nebulizers  at  settings 
greater  than  0.40  may  fail  to  equal  or  ex- 
ceed the  patient's  inspiratory  flow.'"'** 
However,  increasing  the  oxygen  flow  to 
the  inlet  of  the  nebulizer  may  produce  a 
higher  delivered  total  flow. 

7.6  Hoods: 

7.6.1  O2  concentrations  may  vary  within 
the  hood.'"""*  O2  concentrations  should 
be  measured  as  near  the  nose  and  mouth 
as  possible."  Opening  any  enclosure  de- 
creases the  O2  concentration.  For  infants 
and  children  confined  to  hoods,  nasal  O2 
may  need  to  be  supplied  during  feeding 
and  nursing  care.  Flows  >  7  L/min  are  re- 
quired to  wash  out  COt.''"'*-^' 

7.6.2  Devices  can  be  confining  and  isolat- 
ing.'^ 

7.6.3  Concentration  in  a  hood  can  be  var- 
ied from  0.21  to  1.0. 

7.6.4  Temperature  of  the  gases  in  the  hood 
should  be  maintained  to  provide  a  neutral 
thermal  environment.'"'**''^ 

7.6.5  High  gas  flows  may  produce  harm- 
ful noise  levels.'*'*'' 

7.7  Tracheostomy  oxygen  adapters  provide 
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\ariahle  Fio^s.  HMEs  should  ha\e  iiiiniimim 
dead-space  volume  especially  when  used  with 
neonates.""^" "'  Resistance  within  an  HME  can 
increase  w hen  water  is  absorbed  by  the  hygro- 
scopic inserts'-  or  when  secretions  are  coughed 
into  the  device.^' 

NPODD  8.0  ASSESSMENT  OF  NEED: 

Need  is  determined  by  measurement  of  inadequate 
oxygen  tensions  and  saturations  by  invasive  or  non- 
invasive methods'^ '"  and/or  the  presence  of  clinical 
indicators  as  previously  described.'''  Supplemental 
oxygen  tlow  should  be  titrated  to  maintain  adequate 
oxygen  saturation  as  indicated  by  pulse  oximetry 
SpO:  or  appropriate  arterial  or  venous  blood  gas  val- 
ues.'''' 

8.1  Nasal  cannulas,  nasopharyngeal  catheters, 
and  transtracheal  catheters  are  used  w  hen  the 
need  exists  to: 

8.1.1  provide  low-level  supplemental 
oxygen  to  the  infant  or  child:''^ 

8.1.2  feed  the  infant  without  interrupting 
oxygen  delivery;''-'^-^'* 

8.1.3  increase  mobility.''''^'^'* 

8.2  Simple  oxygen  masks  are  used  to  provide 
supplemental  O:  in  the  moderate  range  (0.35- 
0.50.  depending  on  size  and  minute  ventilation) 
for  short  periods  of  time  (eg.  during  proce- 
dures, for  transport,  in  emergency  situa- 
tions ).'^'^-^'^ 

8.3  Partial  rebreathing  masks  are  used  to  con- 
serve the  oxygen  supply  when  higher  concen- 
trations (Fjo:  >  0.4,  <  0.6)  are  warranted  (eg, 
during  transport ).'-'"^"-^'^ 

8.4  Non-rebreathing  masks  are  used  to  deliver 
concentrations  >  0.60  or  specific  concentra- 
tions (as  from  a  blender).'"*'''' 

8.5  Air-entrainment  masks  provide  a  flow  of 
gas  of  predetermined  precise  oxygen  concen- 
tration (24-407f  )'--"''^'"*  that  exceeds  the  pa- 
tient's inspiratory  flow.  At  the  50%  setting,  the 
total  flow  from  the  device  may  not  meet  the  in- 
spiratory tlow."^-^'' 

8.6  Air-entrainment  nebulizers,  although  not  rec- 
ommended, can  be  used  when  high  levels  of  hu- 
midity or  aerosol  are  desired  (as  with  a  bypassed 


upper  airuay! 


rhe  patient  application  device 


can  be  a  tracheosloniy  collar,  face  tent,  aerosol 
mask,  or  blow-by  arrangement.""**'' 
8.7  Hoods  are  used  to  pro\  ide 


8.7.1  controlled  Fio.  in  infant  and  small 
children:'" 

8.7.2  controlled  Fk),  and/or  increased 
heated  humidity  to  patients  who  cannot 
tolerate  other  devices: 

8.7.3  controlled  Fk),  when  the  chest,  ab- 
domen, and  extremities  must  be  accessi- 
ble to  caregivers:'" 

8.7.4  the  oxygen  concentrations  necessary 
for  oxygen  challenge  (hyperoxia)  tests  in 
the  spontaneously  breathing  neonate. 

8.8  Tracheostomy  oxygen  adapters,  w  hich  ma\ 
or  may  not  be  coupled  w  ith  HMEs,  are  used  to 
deliver  oxygen  to  a  tracheostomy.''"' 

NPODD  9.0  ASSESSMENT  OF  OUTCOME: 

Outcome  is  assessed  by  determining  whether  the 
de\  ice  selected  produces  an  appropriate  increase  in 
oxygen  saturation,  proves  to  be  appropriate  for  the 
patient,  allows  adequate  patient  monitoring,  and  fa- 
cilitates patient  care. 

NPODD  10.0  RESOURCES: 
10.1  Equipment 

10.1.1  Oxygen  source: 

10.1.1.1  Cylinder — must  meet  Depart- 
ment of  Transportation  (DOT)  stan- 
dards. Compressed  Gas  Association 
(CGA)  standards,  and  National  Fire 
Protection  Association  (NFPA)  recom- 
mendations, and  appropriate  regulator 
and  wrenches  must  be  supplied: 

10.1.1.2  Concentrators  (or  enrich- 
ers).'*'-'*- 

10.1.1.3  Bulk  supplies  should  meet 
NFPA  standards. 

10.1.2  Delivery  accessory  equipment: 

10.1.2.1  oxygen  tubing: 

10.1.2.2  corrugated  aerosol  tubing  and 
w  ater  trap. 

10.1.3  Humidifiers — No  subjecti\e  or  ob- 
jective evidence  supports  routine  humidi- 
fication  of  O:  at  flows  <  4  L/min.'''  How- 
ever, it  is  not  known  whether  the  use  of  a 
bubble  humidifier  with  a  nasal  cannula  in 
the  neonate  has  benefit,  and  the  use  of  a 
bubble  humidifier  can  verify  oxygen  de- 
li\ery  at  flows  <  I  L/niin.  HMEs  with  low 
dead  space  are  appropriate  for  short-term 
use  in  patients  w  ith  artiflcial  airways. 
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10.1.4  Blenders — Although  blenders  have 
been  used  in  weaning  neonates  with  a 
nasal  eannula  from  oxygen,  it  appears  that 
using  a  very-low  flowmeter  (()-2()()  ml.) 
may  be  more  reliable."'"'^' 

10.1.5  Compensated,  low-range  flowme- 
ters""' adjustable  in  increments  <  0.125 
L/min.''"*'^' 

10.1.6  Oxygen  analyzers — There  are  four 
principal  t\  pes  of  oxygen  analyzers;  po- 
largraphic.  gaUanic  cell,  paramagnetic, 
and  wheatstone  bridge.  The  polargraphic 
and  galvanic  cell  are  the  two  most  com- 
monly used  and  operate  on  an  electro- 
chemical principle.*"' 

10.1.7  Nonin\asive  oxygen  monitors — 
transcutaneous  (TcOt)  monitor^'*  '*''  or 
pulse  oximeter.^'''*'' 

10.1.8  Nebulizer  solutions — sterile  water 
or  sterile  normal  saline  solution. 

10.2  Personnel: 

10.2.1  Health  care  providers  responsible 
for  delivery  of  oxygen  should  have 
demonstrated  and  documented  knowledge 
and  skills  related  to: 

10.2.1.1  oxygen  delivery  systems  and 
their  limitations; 

10.2.1.2  assembly,  care,  and  use  of 
oxygen  delivery  systems; 

10.2.1.3  performance  of  the  necessary 
subjective  and  objective  assessments  in 
order  to  determine  effectiveness  of 
oxygen  therapy; 

10.2.1.4  clinical  assessment  skills  to 
recommend  changes  in  oxygen  thera- 
py; 

10.2.1.5  provision  of  comprehensive 
patient  and  lay  caregiver  instruction. 

10.2.2  When  supplemental  oxygen  is  to 
be  used  out  of  the  hospital  setting,  the  pa- 
tient and/or  family  member  or  lay  care- 
giver should: 

10.2.2.1  demonstrate  proper  use  and 
understanding  of  oxygen  delivery  de- 
vice; 

10.2.2.2  demonstrate  proper  assembly, 
care,  and  cleaning  of  oxygen  delivery 
device; 

10.2.2.3  demonstrate  an  understanding 
of  how.  when,  and  vv  hat  to  report  to  a 


physician  or  surrogate. 

NPODD  11.0  MONITORING: 

11.1  Patient: 

11.1.1  clinical  assessment  including  but 
not  limited  to  cardiac,  pulmonary,  and 
neurologic  status  and  apparent  work  of 
breathing; 

11.1.2  assessment  of  physiologic  vari- 
ables: noninvasive  or  invasive  measure- 
ment of  oxygen  tensions  or  saturation  in 
any  patient  treated  with  oxygen — w  ithin  1 
hour  of  initiation  for  the  neonate."*-''**** 

11.2  Equipment: 

11.2.1  All  oxygen  delivery  systems 
should  be  checked  at  least  once  each 
day."*  More  frequent  checks  by  calibrated 
analyzer  are  necessary  in  systems: 

11.2.1.1  susceptible  to  variation  in  oxy- 
gen concentration;'** 

11.2.1.2  applied  to  patients  with  artifi- 
cial airways:'** 

11.2.1.3  Continuous  analysis  is  recom- 
mended in  hoods. ^' 

11.2.1.4  Oxygen  should  be  analyzed  as 
close  as  possible  to  the  infant's  face. 

11.2.2  All  heated  delivery  sy.stems  should 
be  continuously  monitored  for  tempera- 
ture. 

NPODD  12.0  FREQUENCY: 

12.1  Selection  of  a  device  is  made  at  the  initia- 
tion of  therapy,  after  careful  assessment  of  need 
and  patient  characteristics. 

12.2  The  change  from  one  type  of  device  to  an- 
other is  based  on  a  change  in  the  patient's  con- 
dition, patient  preference,  or  ability  to  use  a 
specific  device.  (Oxygen  therapy  should  be  ad- 
ministered continuously  unless  the  need  has 
been  shown  to  be  associated  only  with  specific 
situations,  eg,  exercise,  feeding,  or  other 
stress.)''"'^' 

NPODD  13.0  INFECTION  CONTROL: 

13.1  Universal  Precautions  and  measures  to 
limit  the  transmission  of  tuberculosis  must  be 
adhered  to  at  all  limes.'-'*' 

13.2  Lov\-tlovv  systems 

13.2.1  Under  normal  circumstances,  low- 
flow  oxygen  systems  do  not  present  clini- 
cally important  risk  of  infection  and  tlo 
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not  require  routine  replacement  on  the 
same  patient.  "'■'^^-'* 

13.2.2  Nasopharyngeal  catheters  should 
be  changed  every  24  hours.'' 

13.2.3  Transtracheal  catheters  should  be 
changed  every  3  months.'" 

13.3  Reservoir  systems — Under  normal  cir- 
cumstances, reservoir  systems  as  defined  for 
this  guideline  do  not  present  clinically  impor- 
tant risk  of  infection  and  do  not  require  routine 
replacement  on  the  same  patient. 

13.4  High-flow  .systems 

13.4.1  Large-volume  nebulizers  should  be 
changed  every  24  hours  when  applied  to 
patients  with  an  artificial  airway  ''* 

13.4.2  In  the  absence  of  definitive  studies 
to  support  change-out  intervals  on  nonin- 
tubated  patients,  results  of  institution-spe- 
cific and  patient-specific  surveillance 
measures  should  dictate  the  frequency 
with  which  such  equipment  is  replaced. 

13.5  Enclosure  systems — There  is  no  recom- 
mendation regarding  the  frequency  of  changing 
oxyhood  and  reservoirs  while  in  use  on  the 
same  patient.^^ 

13.6  Other  devices — Between  patients,  subject 
equipment  (eg,  probes,  oxygen  sensors)  to  high 
level  disinfection.'^^ 

13.7  Nebulizer  .solutions — Use  only  sterile  flu- 
ids and  dispense  them  aseptically.''^ 

Note:  It  is  the  expert  opinion  of  the  Clinical  Practice 
Guideline  Steering  Committee  (2002)  that  .some  de- 
vices that  are  applicable  to  the  pediatric  population 
are  not  appropriate  for  the  neonatal  population. 

Revised  by  Timothy  R  Myers  RRT.  University  Hos- 
pitals of  Cleveland,  Cleveland.  OH.  and  approved 
by  the  2002  CPG  Steering  Committee. 

Orifiiiial piihliiaiion:  Rcspir  Care  1996:41(7}:637-646. 
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AARC  Clinical  Practice  Guideline 


Oxygen  Therapy  for  Adults  in  the  Acute  Care  FaciHty 
—  2002  Revision  &  Update 


OT-AC  1.0  PROCEDURE: 

The  procedure  addressed  is  the  administration  of 
oxygen  therapy  in  the  acute  care  facihty  other  than 
with  mechanical  ventilators  and  hyperbaric  cham- 
bers. 

OT-AC  2.0  DEFINITION/DESCRIPTION: 

Oxygen  therapy  is  the  administration  of  oxygen  at 
concentrations  greater  than  that  in  ambient  air  with 
the  intent  of  treating  or  preventing  the  symptoms 
and  manifestations  of  hypoxia. ' 

OT-AC  3.0  SETTING: 

This  Guideline  is  confined  to  oxygen  administra- 
tion in  the  acute  care  facility. 

OT-AC  4.0  INDICATIONS: 

4.1  Documented  hypoxemia.  Defined  as  a  de- 
creased PaO;  in  the  blood  below  normal  range. - 
PaO:  of  <  60  torr  or  SaOi  of  <  90%  in  subjects 
breathing  room  air  or  with  PaO:  and/or  Sa02 
below  desirable  range  for  specific  clinical  situ- 
ation.' 

4.2  An  acute  care  situation  in  which  hypoxemia 
is  suspected'-^"*  substantiation  of  hypoxemia  is 
required  within  an  appropriate  period  of  time  fol- 
lowing initiation  of  therapy. 

4.3  Severe  trauma^'' 

4.4  Acute  myocardial  infarction'-'' 

4.5  Short-term  therapy  or  surgical  intervention 
(eg,  post-anesthesia  recovery''\  hip  surgery'''") 

OT-AC  5.0  CONTRAINDICATIONS: 

No  specific  contraindications  to  oxygen  therapy 
exist  when  indications  are  judged  to  be  present. 

OT-AC  6.0  PRECAUTIONS  AND/OR  POSSI- 
BLE COMPLICATIONS: 

6.1  With  PaO:  S  60  torr.  ventilatory  depression 
may  occur  in  spontaneously  breathing  patients 
with  elevated  Paco:-"  "'■* 


6.2  With  F[0:  >  0.5,  absorption  atelectasis,  oxy- 
gen toxicity,  and/or  depression  of  ciliary  and/or 
leukocytic  function  may  occur. '-■'■''■"' 

6.3  Supplemental  oxygen  should  be  adminis- 
tered with  caution  to  patients  suffering  from 
paraquat  poisoning''  and  to  patients  receiving 
bleomycin."* 

6.4  During  laser  bronchoscopy,  minimal  levels 
of  supplemental  oxygen  should  be  used  to 
avoid  intratracheal  ignition.'*' 

6.5  Fire  hazard  is  increased  in  the  presence  of 
increased  oxygen  concentrations. 

6.6  Bacterial  contamination  associated  with 
certain  nebulization  and  humidification  sys- 
tems is  a  possible  hazard.-'^-- 

OT-AC  7.0  LIMITATIONS  OF  PROCEDURE: 

Oxygen  therapy  has  only  limited  benefit  for  the 
treatment  of  hypoxia  due  to  anemia,  and  benefit 
may  be  limited  with  circulatory  disturbances.  Oxy- 
gen therapy  should  not  be  used  in  lieu  of  but  in  ad- 
dition to  iTiechanical  ventilation  when  ventilatory 
support  is  indicated. 

OT-AC  8.0  ASSESSMENT  OF  NEED: 

Need  is  determined  by  measurement  of  inadequate 
oxygen  tensions  and/or  saturations,  by  invasive  or 
noninvasive  methods,  and/or  the  presence  of  clini- 
cal indicators  as  previously  described. 

OT-AC  9.0  ASSESSMENT  OF  OUTCOME: 

Outcome  is  determined  by  clinical  and  physiologic 
assessment  to  establish  adequacy  of  patient  re- 
sponse to  therapy. 

OT-AC  10.0  RESOURCES: 

For  other  types  of  oxygen  delivery  devices  used 
outside  of  the  acute  care  facility,  reference  the 
AARC  Clinical  Practice  Guideline;  Oxygen  Thera- 
py in  the  Home  or  Extended  Care  Facility  for  fur- 
ther description.  RespirCare  1992:37(8):91 8-922. 
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10.1  Equipment 

10.1.1  Low-flow  systems  deliver  100% 
(ie.  Fdo:  =  10)  oxygen  at  flows  that  are 
less  than  the  patient's  inspiratory  tlowrate 
(ie.  the  delivered  oxygen  is  diluted  with 
room  air)  and,  thus,  the  oxygen  concentra- 
tion inhaled  (Fio.)  may  be  low  or  high, 
depending  on  the  specific  device  and  the 
patient's  inspiratory  tlowrate.-'-^ 

10.1.1.1  Nasal  cannulas  can  provide 
24-409f  oxygen  with  tlowrates  up  to  6 
L/min  in  adults  (depending  on  ventila- 
tory pattern).'  Oxygen  supplied  via 
nasal  cannula  at  flowrates  <  4  L/min 
need  not  be  humidified.-'^  -*'  Care  must 
be  taken  when  assigning  an  estimated 
Fio:  to  patients  as  this  low-flow  system 
can  have  great  fluctuations.-^ 

10.1.1.2  Simple  oxygen  masks  can  pro- 
vide 35-50%  Fio:,  depending  on  fit,  at 
flowrates  from  5-10  L/min.  Flowrates 
should  be  maintained  at  5  L/min  or 
more  in  order  to  avoid  rebreathing  ex- 
haled CO2  that  can  be  retained  in  the 
mask.'-"-**  Caution  should  be  taken 
when  using  a  simple  mask  where  accu- 
rate delivery  of  low  concentrations  of 
oxygen  is  required.-^  Long-term  use  of 
simple  mask  can  lead  to  skin  irritation 
and  pressure  sores.'" 

10.1.1.3  Partial  rebreathing  mask  is  a 
simple  mask  with  a  reservoir  bag.  Oxy- 
gen flow  should  always  be  supplied  to 
maintain  the  reservior  bag  at  least  one 
third  to  one  half  full  on  inspiration.  At 
a  flow  of  6-10  L/min  the  system  can 
provide  40-707f  oxygen,  it  is  consid- 
ered a  low-flow  systein.  The  non-re- 
breathing  mask  is  similar  to  the  partial 
rebreathing  mask  except  it  has  a  series 
of  one-way  valves.  One  valve  is  placed 
between  the  bag  and  the  mask  to  pre- 
vent exhaled  air  from  returning  to  the 
bag.  There  should  be  a  minimum  flow 
of  10  L/min.  The  delivered  F|0:  of  this 
system  is  60-80%. 

10.1.1.4  Patients  who  have  been  re- 
ceiving transtracheal  oxygen  at  home 
may  continue  to  receive  oxygen  by  this 
method  in  the  acute  care  facilitv  scttiniZ 


provided  no  problems  present.  If  diffi- 
culties related  to  the  transtracheal  route 
of  administration  appear,  oxygenation 
should  be  assured  by  other  means. 
10.1.2  High-flow  systems  deii\cr  a  pre- 
scribed gas  mixture — either  high  or  low 
Fdoi  at  flowrates  that  exceed  patient  de- 
mand.^'-^^-^' 

10.1.2.1  Currently  available  air-en- 
trainment  masks  can  accurately  deliver 
predetermined  oxygen  concentration  to 
the  trachea  up  to  40%.  Jet-mixing 
masks  rated  at  35%  or  higher  usually 
do  not  deliver  tlowrates  adequate  to 
meet  the  inspiratory  flowrates  of  adults 
in  respiratory  distress. ^■-•*-""'- 

10.1.2.2  Aerosol  masks,  tracheostomy 
collars,  T-tube  adapters,  and  face  tents 
can  be  used  with  high-flow  supplemen- 
tal oxygen  systems.  A  continuous 
aerosol  generator  or  large-volume 
reservoir  humidifier  can  humidify  the 
gas  flow.  Some  aerosol  generators  can- 
not provide  adequate  flows  at  high 
oxygen  concentrations.' 

10.2  Personnel 

10.2.1  Level  I  personnel — ie.  any  person 
who  has  adequately  demonstrated  the 
ability  to  perform  the  task — may  check 
and  document  that  a  device  is  being  u.sed 
appropriately  and  the  flow  is  as  pre- 
scribed. 

10.2.2  Level  II  personnel — licensed  or 
credentialed  respiratory  care  practitioners 
or  persons  with  equivalent  training  and 
documented  ability  to  perform  the  tasks — 
may  assess  patients,  initiate  and  monitor 
oxygen  delivery  systems,  and  recommend 
changes  in  therapy. 

OT-AC  11.0  MONITORING: 
11.1  Patient 

11. 1.1  clinical  assessment  including  but 
not  limited  to  cardiac,  pulmonary,  and 
neurologic  status 

11.1.2  assessment  of  physiologic  parame- 
ters: measurement  of  P:,(),s  or  saturation 
in  any  patient  treated  with  oxygen.  An  ap- 
propriate oxygen  therapy  utilization  pro- 
tocol is  suggested  as  a  method  to  decrease 
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waste  and  to  realize  increased  cost  sav- 
ings.^^  Consider  need/indication  to  adjust 
Fdo:  for  increased  levels  of  activity  and 
exercise. 

11.1.2.1  in  coiiiiinclit)n  vvitii  the  initia- 
tion of  therapy;  or 

11.1.2.2  within  12  hours  of  initiation 
with  Fio:  <  0.40 

11.1.2.3  within  S  hours,  with  Fio:  S 
0.40  (including  postanesthesia  recov- 
ery) 

11.1.2.4  within  72  hours  in  acute  my- 
ocardial infarction^ 

11.1.2.5  within  2  hours  for  any  patient 
with  the  principal  diagnosis  of  COPD 

11.2  Equipment 

11.2.1  All  oxygen  delivery  systems 
should  be  checked  at  least  once  per  day. 

11.2.2  More  frequent  checks  by  calibrated 
analyzer  are  necessary  in  systems 

11.2.2.1  susceptible  to  variation  in  oxy- 
gen concentration  (eg,  high-flow 
blending  systems) 

11.2.2.2  applied  to  patients  with  artifi- 
cial airways 

11.2.2.3  delivering  a  heated  gas  mix- 
ture 

11.2.2.4  applied  to  patients  who  are 
clinically  unstable  or  who  require  an 
FjO:  of  0.50  or  higher. 

11.2.3  Care  should  be  taken  to  avoid  inter- 
ruption of  oxygen  therapy  in  situations  in- 
cluding ambulation  or  transport  for  proce- 
dures. 

OT-AC  12.0  FREQUENCY: 

Oxygen  therapy  should  be  administered  continu- 
ously unless  the  need  has  been  shown  to  be  associ- 
ated only  with  specific  situations  (eg,  exercise  and 
sleep). 

OT-AC  13.0  INFECTION  CONTROL: 

Under  normal  circumstances,  low-tlow  oxygen  sys- 
tems (including  cannulas  and  simple  masks)  do  not 
present  clinically  important  risk  of  infection  and 
need  not  be  routinely  replaced.'  High-flow  systems 
that  employ  heated  humidifiers  and  aerosol  genera- 
tors, particularly  when  applied  to  patients  with  arti- 
ficial airways,  can  pose  important  risk  of  infection. 
In  the  absence  of  definitive  studies  to  support 


change-out  intervals,  results  of  institution-specific 
and  patient-specific  surveillance  measures  should 
dictate  the  frequency  with  which  such  equipment  is 
replaced. 

Revised  hx  Thomas  J  Kallslroiu  RRT  FAARC. 
Fairview  Hospital.  Cleveland.  OH.  and  approved 
by  the  2002  CPU  Sleerini^  Conunittee. 
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AARC  Clinical  Practice  Guideline 


In-Hospital  Transport  of  the  Mechanically 
Ventilated  Patient  —  2002  Revision  &  Update 


TMV  l.OPROCEDURP]: 

Traiisporialion  of  a  mechanically  ventilated  patient 
for  diagnostic  or  therapeutic  procedures. 

TM\  2.0  DESCRIPTION/DEFINITION: 

Transportation  of  mechanically  ventilated  patients 
for  diagnostic  or  therapeutic  procedures  is  always 
associated  with  a  degree  of  risk.'''  Every  attempt 
should  be  made  to  assure  that  monitoring,  ventila- 
tion, oxygenation,  and  patient  care  remain  constant 
during  movement.  Patient  transport  includes  prepa- 
ration, movement  to  and  from,  and  time  spent  at 
destination. 

TMV  3.0  SETTINGS: 

This  guideline  is  intended  for  the  critical  care  and 
acute  care  inpatient  .setting. 

TMV  4.0  INDICATIONS: 

Transportation  of  mechanically  ventilated  patients 
should  only  be  undertaken  following  a  careful  eval- 
uation of  the  risk-benefit  ratio. 

TMV  5.0  CONTRAINDICATIONS: 

Transportation  of  the  mechanically  ventilated  pa- 
tient should  not  be  undertaken  until  a  complete 
analysis  of  potential  risks  and  benefits  has  been  ac- 
complished. 

5.1  Contraindications  include 

5.1.1  inability  to  provide  adequate  oxy- 
genation and  ventilation  during  transport 
either  by  manual  ventilation,  portable 
ventilator,  or  standard  intensive  care  unit 
ventilator.'  ""- 

5.1.2  inability  to  maintain  acceptable 
hemodynamic  performance  during  trans- 
port,'^" 

5.1.3  inability  to  adequately  monitor  pa- 
tient cardiopulmonary  status  during  trans- 
port.'"* 

5.1.4  inabilitv  to  maintain  airwav  control 


during  transport. 

5.1.5  Transport  should  not  be  undertaken 
unless  all  the  necessary  members  of  the 
transport  team  are  present. 

TMV  6.0  HAZARDS  &  COMPLICATIONS: 

Hazards  and  complications  of  transport  include  the 
following: 

6.1  Hyperventilation  during  manual  ventilation 
may  cause  respiratory  alkalosis,  cardiac  dys- 
rhythmias, and  hypotension.'  '"" 

6.2  Loss  of  PEEP/CPAP  may  result  in  hypox- 
emia or  shock."'" 

6.3  Position  changes  may  result  in  hypotension, 
hypercarbia,  and  hypoxemia.'"* 

6.4  Tachycardia  and  other  dysrhythmias  have 
been  associated  with  transport."  '-'' 

6.5  Equipment  failure  can  result  in  inaccurate 
data  or  loss  of  monitoring  capabilities.^'' 

6.6  Inadvertent  disconnection  of  intravenous 
access  for  pharmacologic  agents  may  result  in 
hemodynamic  instability.'*''" 

6.7  Movement  may  cause  disconnection  from 
ventilatory  support  and  respiratory  compro- 
mise."'■'** 

6.8  Movement  may  result  in  accidental  extuba- 
tion."'" 

6.9  Movement  may  result  in  accidental  remo\al 
of  vascular  access. ^"^•**-' 

6.10  Loss  of  oxygen  supply  may  lead  to  hypox- 
emia. 

6.11  Ventilator-associated  pneumonia  has  been 
associated  with  transport.-" 

TMV  7.0  LIMITATIONS  OF  METHOD: 

The  literature  suggests  that  nearly  two  thirds  of  all 
transports  for  diagnostic  .studies  fail  to  yield  results 
that  affect  patient  care.'*-'' 

TMV  8.0  ASSESSMENT  OF  NEED: 

The  necessity  and  safety  for  transport  should  be  as- 
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sessed  by  the  multidisciplinary  team  oT  health  care 
providers,  eg.  respiratory  therapist,  physician, 
luirse.  The  risks  of  transport  should  be  weighed 
against  the  potential  benefits  from  the  diagnostic  or 
therapeutic  procedure  to  be  performed. 

TMV  9.0  ASSESSMENT  OF  OUTCOME: 

The  safe  arrival  of  the  mechanically  ventilated  pa- 
tient at  his/  her  destination  is  the  indicator  of  a  favor- 
able outcome. 

TMV  10.0  RESOURCES: 
10.1  Equipment 

10.1.1  Emergency  airway  management 
supplies  should  be  available  and  checked 
for  operation  before  transport 

10.1.2  Portable  oxygen  source  of  ade- 
quate volume 

10.1.3  A  self-inflating  bag  and  mask  of 
appropriate  size 

10.1.4  Transport  ventilators  have  been 
shown  to  provide  more  constant  ventila- 
tion than  manual  ventilation  in  some  in- 
stances. If  a  transport  ventilator  is  used,  it 
should: '-'o-'^^i.^^ 

10.1.4.1  have  sufficient  portable  power 
supply  for  the  duration  of  transport;-'' 

10.1.4.2  have  independent  control  of 
tidal  volume  and  respiratory  frequen- 
cy:'^ 

10.1.4.3  be  able  to  provide  full  ventila- 
tory support  as  in  assist-control  or  in- 
termittent mechanical  ventilation  (not 
necessarily  both); 

10.1.4.4  deliver  a  constant  volume  in 
the  face  of  changing  pulmonary 
impedance; 

10.1.4.5  monitor  airway  pressure; 

10.1.4.6  provide  a  disconnect  alarm; 

10.1.4.7  be  capable  of  providing  PEEP; 

10.1.4.8  provide  an  Fio:  of  1.0. 

10.1.5  A  pulse  oximeter  is  desirable. 

10.1.6  Appropriate  pharmacologic  agents 
should  be  readily  available. 

10.1.7  Portable  monitor  should  display 
ECG  and  heart  rate  and  provide  at  least 
one  channel  for  vascular  pressure  mea- 
surement. 

10.1.8  An  appropriate  hygrcscopic  con- 
denser humidifier  should  be  used  to  pro- 


vide humidification  during  transport. 

10.1.9  Stethoscope 

10.1.10  Hand-held  spirometer  for  tidal 
volume  measurement 

10.2  Personnel:  All  mechanically  ventilated  pa- 
tients should  be  accompanied  by  a  registered 
nurse  and  a  respiratory  therapist  during  the  en- 
tire transport. 

10.2.1  At  least  one  team  member  must  be 
proficient  in  managing  the  airway  in  the 
event  of  accidental  extubation. 

10.2.2  At  least  one  team  member  should 
be  proficient  in  operating  and  trou- 
bleshooting all  of  the  equipment  de- 
scribed in  Section  10.1. 

TMV  11.0  MONITORING: 

Monitoring  provided  during  transport  should  be 
similar  to  that  during  stationary  care. 

11.1  Electrocardiograph  should  be  continuous- 
ly monitored  for  heart  rate  and  dysrhythmias. 

11.2  Blood  pressure  should  be  monitored  con- 
tinuously if  invasive  lines  are  present,  in  the  ab- 
sence of  invasive  monitoring,  blood  pressure 
should  be  measured  intermittently  via  sphyg- 
momanometer. 

11.3  Respiratory  rate  should  be  monitored  in- 
termittently. 

11.4  Airway  pressures  should  be  monitored  if  a 
transport  ventilator  is  used.-^ 

11.5  Tidal  volume  should  be  monitored  inter- 
mittently to  assure  appropriate  ventilation.-'' 

11.6  Continuous  pulse  oximetry  is  appropriate 
during  transport  of  all  mechanically  ventilated 
patients. 

11.7  Breath  sounds  should  be  monitored  inter- 
mittently. 

TMV  12.0  FREQUENCY: 

Patients  should  be  transported  only  when  indica- 
tions are  present  as  described  in  Section  4. 

TMV  13.0  INFECTION  CONTROL: 

13.1  Universal  Precautions  should  be  ob- 
served.-'' 

13.2  Ail  equipment  should  be  disinfected  be- 
tween patients. 

13.3  Centers  for  Disease  Control  and  Pre\en- 
tion  recommendations  for  control  of  exposure 
to  tuberculosis  and  droplet  nuclei  are  to  be  im- 
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plemented  when  patient  is  known  ov  suspected 
to  be  immunosuppressed,  is  known  to  liavc  tu- 
berculosis, or  has  other  risk  factors  lor  the  dis- 

27 


ease.- 


Revised  by  David  W  Chaiiii  EdD  RRT.  Alliens  Tech- 
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Historic  Wilmington  is  a  vibrant  community, 
with  cultural  diversity  and  beautiful  beaches. 

All  things  considered,  this  is  what  quality  of 
life— and  work— is  all  about. 


Exceptional  people 
Making  a  difference. 

■ga  New  Hanover  Health  Network 

Wilmington,  NC 

Equa!  Oppofttmitv  Fmplov^r 


Take  a  closer  look  at  a  rewarding  career  at 

New  Hanover  Health  Network, 

and  get  a  taste  of  the  good  life  in  the 

captivating  coastal  town  of  Wilmington,  NC 

Contact  us  toll  free  at  I-80O-822-647O 

or  apply  on-line  at  www.nhhn.org 


Circle  107  on  product  information  card 


Pulmonary  Services  Operations 
Manager — Sacramento,  CA 

Sutter  Health  is  one  of  the  nation's  leading  non- 
profit networks  of  community  health  care  services, 
and  serves  more  that  twenty  Northern  California 
counties. 

Requires  current  CA  license  as  a  Respiratory  Care 
Practitioner  and  registration  by  the  National  Board 
for  Respiratory  Care  or  National  Society  for 
Cardiopulmonary  Technologist,  We  also  require 
proven  ability  to  manage  a  diversified  multi-disci- 
plinary patient  care  service  and  demonstrated  clin- 
ical experience  in  Respiratory  Care,  as  would  nor- 
mally be  acquired  in  5  years,  with  an  emphasis  in 
Cntical  Care. 

For  immediate  consideration,  call  Debbie  Kreidler 
at  916-781-1207,  apply  online  at  www 
sutterhealth  org,  email  your  resume  to 
kreidld@sutterhealth  org  or  fax  to  916-733-7038 
Sutter  Health  is  a  community  based,  not-for-profit 
company  and  an  equal  opportunity  employer. 
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Audio  Cassette  Tapes 

from  the 

47th  International 

Respiratory  Congress 


I  Tape  =  $10  each 
2-5  Tapes  =  $9.50  eac 
6  or  More  =  $9  each 


Show  Special... Pick  any  12  tapes  with  free  storage  album  for  $99! 
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KcNiune  .Address.  D.  Satclier 

Triickinj;  Fl()v\  of  Rcsidciils.  D.N.  Muse 

(6.)  Rule  of  Educators,  E.A.  Becker  & 

(7.)  Role  of  Managers.  K.J.  Slevvart  & 

(8.)  Panel  Discussion,  M.Traband 

Errors.  Law  and  RCPs,  A.L.  DeWitt 

Human  Error;  Changing  Our  Perceptions.  J.W.  Salyer 

Patient  Abuse  in  the  Home;  What  Is  It  and  What  Are  Your 

Responsibilities?  D.  Roberts 

Assessing  the  Right  Competencies  for  Home  Care  Therapist.s. 

S.L.  Moreau 

Discharging  the  Complex  Pediatric  Patient  to  the  Home.  J. P. 

Stegmaier 

Does  Economics  Dri\e  Home  Care?  R.W.  McCoy 

Surfactant  Therapy.  R.J.  Rodriguez 

Neonatal  Update;  Inhaled  Nitric  O.xide  in  the  Neonate,  S.R.  Seidner 

Mgl.  Strategies  for  Prevention  of  BPD.  R.J.  Rodriguez 

0\er\  iev\  of  Dying  and  End-of-Life  Care  in  America,  P.A.  Selecky 

Withholding  and  Withdrawing  Ventilation,  R.  Acevedo 

Role  of  the  Respiratory  Therapist  in  Palliative  Care.  H.M.  Sorenson 

(21.)  Building  Coalitions.  J.B.  Fink 

(22.)  Reaching  Patients  and  Physicians  with  "Baylor's  Rules  of 

Two"!.  G.E.  Lawrence 

(23.)  Regional  Asthma  Center.  L.  Parish-Cooper 

(24.)  Promoting  Public  Awareness;  Successful  Strategies,  S. 

Blonshine 

(25.)  Sleep  Disordered  Breathing.  M.B.  Dunning  HI 

(26.)  Protocols  for  Standardized  Sleep  Testing.  R.N.  Turner 

(27.)  New  Polysomnograph  Technologist  Training  Guidelines, 

R.N.  Turner 

(28.)  Survival  Techniques  for  Shift  Workers.  M.B.  Dunning 

A.  Issues  &  Trends  in  Allied  Health  Leadership.  M.  Harrington, 
Developing  Your  Career  for  Maximum  Professional 
Effectiveness.  M.  W.  Runge 

Breakout  #1;  Leadership  in  Clinical  Practice.  G.  Gaebler 
Breakout  #3;  Leadership  in  Management,  J.D.  Kimble  (Needs 
overtime  tape) 

B.  Developing  Professional  Leadership,  R.  Krueger 
Success  Stories,  J.C.  Bolden  .  D.  Johnson 

C.  #2;  Leadership  in  Clinical  Research.  A.B.  Adams  & 
#4;  Leadership  in  Education,  L.  Van  Scoder 

Humor  at  the  Bedside.  M.  Graves 
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Egan  Lecture  —  Chronic  Obstructive  Pulmonary  Disease  -  On 

the  Exponential  Curve  of  Progress,  J.E.  Heffner 

Pulmonary  Rehabilitation,  B.W.  Carlin 

High  Frequency  Oscillatory  Ventilation  for  ARDS;  State  of  the 

An2001.S.  Derdak 

"The  Ins  and  Outs"  of  Lung  Transplantation,  S.M.  Levine  MD, 

C.G.  Durbin  Jr. 

Perspectives  from  Respiratory  Care  and  Nursing,  P.  Carroll,  & 

A.L.  DeWitt  Jr. 

Risk  Management  and  Respiratory  Care.  S.J.  Price 

Competency;  Is  Your  Staff  Ready?  J.R.  Edens 

Managing  Protocols  Based  on  CPGs,  E.  Hoisington 

A  New  Opportunity.  CM.  Kercsmar 

Questions  for  the  Attorney.  A.L.  DeWitt 

JCAHO;  Showcasing  Your  Best.  R.M.  Ford 

Justifying  Human  Resources;  Best  Use  of  a  Valuable  Asset,  R.M. 

Ford 

(49.)  It's  All  Black  and  White,  B.  Yawn  & 

(50.)  Managing  to  Breathe  via  Internet,  C.  Olson 

The  Dirty  Dozen.  N.  Sander 

Selecting  Clinical  and  Functional  Outcomes  in  LTOT.  T.L.  Petty 
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□  61. 
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□  68. 


□   71. 


Selecting  Fiscal  and  Satisfaction  Outcomes  in  LTOT,  T.W.  B 

Measuring  and  Collecting  Outcome  Data,  D.C.  Shelledy 

Using  LTOT  Outcome  Data,  R.  Fary 

Outcome  Data  Panel  Discussion,  T.W.  Buckley,  R.  Fary.  T  I 

Petty,  and  D.C.  Shelledy 

Smoking  Cessation,  D.D.  Gardner 

New  Strategies  for  Treating  Tobacco  Use  and  Dependence, 

Cohn 

How  Respiratory  Care  Managers  Can  Implement  Tobacco 

Education  Programs  for  Community-Wide  Effect,  S.M.  Ciarl 

Secondhand  Smoke  —  What  Can  Health  Care  Professional: 

About  It?  A.  French,  B.  Huffman 

(61.)  Evolution  and  Rationale  of  the  Low  VT  Protocol,  R.  Br 

(62.)  Practical  Aspects  of  Implementing  the  Low  VT  Protot 

Kallet 

(63.)  Can  the  ARDS  Network  Protocol  Be  Modified?,  N.R. 

Maclntyre  & 

(64.)  How  and  Why  to  Use  Recruitment  Maneuvers  in  Low 

Ventilation.  N.R.  Maclntyre 

□  65.    (65.)  Normal  Mechanisms  of  Airway  Clearance  and  Problei 

from  the  ICU  to  Home,  B.K.  Rubin  & 
(66.)  Positioning  vs.  Postural  Drainage.  J.  Fink  & 
(67.)  Breathing  Maneuvers.  M.  Maclllwaine 
(68.)  Positive  Pressure  Techniques  for  Airway  Clearance,  IV 
Mahlmeister  & 

(69.)  High  Frequency  Oscillation  of  the  Airway  and  Chest  ^ 
J.  Fink  & 

(70.)  Airway  Clearance  and  the  Artificial  Airways.  R.  Lewi 
(71.)  Pharmaceutic  Approach  to  Airway  Clearance.  B.K.  Rub 
(72.)  Strategies  for  the  Pediatric  Patient,  K.L.  Davidson  & 
(73.)  Airway  Clearance  Strategies  for  the  Vent  Patient  at  He 
C.  Lapin 

RSV;  Management  and  Treatment  Advances,  CM.  Kercsm; 
Test  Your  Skills  on  the  State  of  the  Profession.  M.F.  Traban 
How  to  Survive  as  a  Multi-Department  Manager.  S.J.  Price 
Technological  Advances  in  Noninvasive  Respiratory  Monitc 
G.  Devine 

Monitoring  on  the  General  Floor;  What's  the  Future  Going 
Like'.'  RT.  Sharkey 

A  Proposal  for  Evidence-Based  Practice  in  Neonatal 
Resuscitation.  WD.  Rich 

Classifying  Asthma  Patients  through  Symptom  Analysis,  T.. 
Kallstrom 

How  Not  to  Run  a  Respiratory  Care  Service,  K.L.  Shrake 
MONDAY.  Dec.  3 

□  84.    Kittredge  Lecture  —  Mechanical  Ventilation;  How  Did  We 
Here  and  Where  Are  We  Going?,  R.D.  Branson 
Intrapulmonary  Percussive  Ventilation,  C  Diaz 
Exercise  Training;  Are  You  Training  Your  Patients  at  the  Ri 
Exercise  Target?  B.W.  Carlin 

Water  E.xercise  in  Pulmonary  Rehabilitation  Programs.  M.W.  > 
The  Impact  of  the  Institute  of  Medicine's  Report  for  Rcspin 
Care  Providers.  S.P.  Giordano 
Evidence-Based  Respiratory  Care.  D.J.  Picrson 
Managing  Chronic  Medical  Conditions  in  the  New  Care  De 
Framework,  P.J.  Dunne 

(93.)  Applying  Case  Management  Principles  in  Home  Care, 
Stegmaier  & 

(94.)  Developing  a  Cost  Model  For  Delivery  of  LTOT.  T.W.  Bi 
(95.)  What  I  Wish  All  Home  Care  Therapists  Knew.  B.  Roger: 

(96.)  LTOT  Utilization;  The  Bigger  Picturel  G.  Spratt 

□  97.    (97.)  Modifying  Treatment  Plans  For  the  Aging  Lung.  T.S. 

LeGrand  & 

(98.)  Seeing  Health  Care  through  the  Eyes  of  the  Elderly,  H 

Sorenson 
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□  93. 


□  95. 


3  99.    (99.)  Caring  lor  ihc  Older  Pnciimoniii  Patient.  T.S.  LeGrand  & 

1 100.)  Senior  Pulmonary  Assessment,  H.M  Soienson 
J    101 ,  Interpretation  of  PlTs  by  RCPs.  J.O.  Nilsestuen 
J    102.  Results  of  a  National  Stiidy.  .I.M.  Boyle 
J    1 03.  Auenes  L'pdates  n  Through  the  eyes  of  the  AARC.  ARCF. 

CoARC  and  NBRC.  C.P  Wie/alis.  M.T.  Amalo.  M.  Weleh  .Ir, 

and  J.  Long-Goding 
J    104.  MiuK'hausen  by  Proxy.  D.  Roberts 

J    lO.'i.Oiiening  the  Blaek  Box  during  Meehanieal  Ventilation.  M.  Anialo 
J    107.  ( 107.)  Documenting  Respiratory  Practice  Beyond  the  USA.  J. 

Long-Goding  H.L.  Garza  & 

{ 108.)  Comparison  of  Two  Methods  for  .AdniMiistration  of 

Inhaled  .Salbutamol.  H.L.  Molina 
J    109.  ( 109.)  The  Brazilian  Experience.  L.G.  Ghion  & 

(110.)  The  L'nited  Kingdom  Kxperience.  A.  Hynes 
J    111.(111.)  The  Italian  Hxperience.  .S.  Thompson  & 

(112.)  The  Japanese  Hxperience.  H.  Htchuya 

□  113.  ( I  l3.)The  North  America  Experience.  A.  King  & 

(114.)  The  Personal  Experience  —  A  Patient's  View.  B.  Rogers. 
&  Panel  Discussion 
J    1  1.^.  Creating  an  Effective  Multi-Cultural  Work  Environment.  K.L. 
.Shrake' 

116.  Bronchiolitis  Care  Path.  J.W.  Salyer 

117.  Pediatric  Asthma:  Success  v\ith  Therapist-Driven  Protocols,  T.R. 
Myers 

1 18.  Developing  a  Pediatric  Consult  Program.  J.W.  Salyer 

1 19.  Lung  Protecti\e  Strategies  for  Status  Asthmaticus.  M.K.  Brown 

120.  Acute  Care  of  the  .Adult  Asthmatic.  J.L  Peters 

121.  Bronchodilator  Resuscitation  in  the  ER.  J.  Fink 

122.  Case  Presentations  of  Pulmonary  X-Rays,  C.G.  Durbin 
123.(123.)  P/V  Curves  Should  Be  Routinely  Used  in  Ventilatory 

Management  of  ALL  K.  Hargett.  R.M.  Kacmarek  & 

(124.)  Heliox  is  the  Front-Line  Treatment  for  Management  of 

Acute  Asthma.  T.R.  Myer.  CM.  Kercsmar 

125.  New  Modes  of  Mechanical  Ventilation  Are  Necessary  for 
Management  of  Patients  v\  ith  .XRF.  N.R.  Maclntyre.  R.D. 
Branson 

1 26.  Oxygen  Toxicity  in  the  ICU  Is  a  Myth.  D.J.  Pierson.  C.G. 
Durbin  Jr 

1 3 1 .  An  Answer  to  Respiratory  Care  Re-Engineering.  D.C.  Oberly 

132.  What's  Right  and  What's  Wrong  with  Cardio-Pulinonary 
Exercise  Tests.  M.W.  Millard 

1 33.  The  Amazing  History  of  Pulmonary  Medicine.  G.W.  Lant/ 

134.  New  Uses  for  an  Old  Therapy,  M.K.  Brown 
TUESDAY.  Dec.  4 

□  1 35.  Which  One  for  ARDS'  M.  Amato 

□  136.  What  It  Is  and  How  You  Can  Help.  R.R.  Fluck 

□  137.  Prospective  Payment  System  (PPS) 

3    \  38.  Models  of  Success  for  RCPs.  K.A.  Cornish 
J    1 39.  Wave  Form  Analvsis.  J.O.  Nilsestuen 
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Diagnostic  Testing:  Pre-  and  Post-Lung  Transplant.  CM.  Foss 

Lung  Transplantation  trom  the  Patient's  Perspective.  M.  Pierce 

Apples  to  Apples:  First  Lme  Therapy.  S.  Jenkinson 

Safety  ol  First  Line  Options.  TA.  Mahr. 

.Advantages  of  Combination  Therapy.  J.  Bloom 

.Advances  in  Deli\ery:  Does  Particle  Si/e  .Matter'.' T, A.  Mahr 

NPPV  Without  Quantifiable  Evidence:  The  Legal  and  Medic 

Ramifications.  P.K.  Blakely 

Using  Protocols  in  Respiratory  Home  Care.  G.  Spratl 

Telemedicine  and  the  Flome  Care  Respiratory  Therapist.  P.K 

Blakely 

Corporate  Compliance  Plan:  What  the  OIG  Is  Really  Saying 

Dunne 

( 150.)  How  To  Come  Up  vwth  a  Good  Research  Question.  C 

Durbin  Jr  & 

( 151.)  How  to  Get  a  Research  Project  Done  in  '^'our  Departn 

J.  Ward 

(152.)  How  to  Write  an  Open  Forum  Abstract  That  Will  Be 

Accepted.  D.J.  Pierson  & 

(153.)  How  to  Make  an  Effective  Poster  for  Presentation  at  l 

Open  Forum.  D.C.  Shelledy  & 

( 154.)  How  to  Prepare  and  Deliver  an  Effective  Oral.  Summ 

of  Your  Project.  R.S.  Campbell 

Pulmonary  Hypertension  and  the  Respiratory  Therapist.  R.L 

Rosenblatt 

Management  of  Amyotrophic  Lateral  Sclerosis.  C.E.  Jackson 

Insight  to  the  Profession.  Panel 

Weaning  from  Mechanical  Ventilation.  N.R.  Maclntyre 

Treatment  of  the  Adult  Patient  with  Cystic  Fibrosis.  R.L. 

Rosenblatt 

Recent  Developments  in  the  Management  of  Meconium 

Aspiration.  R.  Castro 

Critical  Diaiznostic  Thinkins  for  Respiratorv  Therapists,  D.C 

Shelledy 

Pharmacology  and  Patient  Safety.  J.H.  Eichhorn 

Non-invasive  Monitorins  durins;  Procedural  Sedation.  D.H. 

Walker 

Procedural  Sedation  in  the  ER:  The  Role  of  the  Respiratory 

Therapist.  B.  Krauss. 

Airway  Remodeling:  To  Do  or  Not  To  Do.'  N.A.  Hanania 

Neonatal  Critical  Care  Transport.  H.  Heiman 

Neonatal  Transport  Cases.  S.  Segovia 

A&B  (2  Tapes)  Allergic  Disorders:  The  Child  with  Rhinitis  i 

Asthma.  B.  Martin 

What's  New  in  CPR  ALS''  TA.  Barnes 

Recentralized  Respiratory  Services:  Ten  Things  We  Learned 

from  Our  Customers.  G.F.  Ellis 

A  Respiratory  Therapist  Could  Have  Sa\ed  President  Georgi 

Washington.  D.J.  Pierson 


Terms:  All  Orders  Payable  in  Advance  by 


Credit  Card  Number . 
Your  Name 


.  Cash V/MC AE Check  (Payable  to  Convention  Education) 

.  Purchase  Order  (Include  hard  copy  of  PO.  Minimum  purchase  of  $25  is  required. ) 

Exp.  Date 


Street 
City  _ 
Phone 
Fax 


State 


.  Zip . 


Signature 


To  ORDER  Send  this  form  bv  MAIL,  FAX  or  PHONE  to: 
CONVENTION  EDUCATION  12685  Prescott  Ave.  -  Tustin,  CA  92782; 


Show  Special 
Tapes 

Complete  2001  set 
Rush  Charge 


@  $99.00 
@  $ 


@  $995.00 

("''  $15.00  each 
FedE,\  #  or  CC  #  for  Shipping  Charges 

Storage  Albums  @  $8  each 

Purchase  Order  Fee  @  $5 

California  Residents  Add  7.75'/f  Tax 

Shipping  add  $2/Tape.  Max  $10  in  USA 

(Foreign  Add  $3/Tape  Max.  $20) 

TOTAL  DUE 


Phone  (714)  505-4600;  Fax  (714)  505-4606 

Selections  &  offer  subject  to  change  w  ithout  notice. 
Each  cassette  can  record  up  to  90  minutes  oi  program- 
ming. Most  programs  are  less  than  90  minutes. 
Unexpected  overtime  tapes  are  available  al  S5  ea. 
Defective  merchandi.se  will  be  replaced  at  no  charge 
for  90  days.  20%  restocking  fee  on  returned  merchan- 
dise. Normal  processing  is  w  ithin  5  working  days. 
Shipping  not  reliuulahle.  Optional  Rush  Shipping  is 
.i\ailable  b\  providing  your  l-ed  EX  or  CC  a/c  number 
in  addition  to  the  SI5  rush  charae. 


American  Association  for  Respiratory  Care 

MEMBERSHIP  APPUCATION 


ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  fhe  U  S  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  follov^'ing  criteria:  (1 ) 
IS  legally  credentioled  os  a  respiratory  care  professionol  if  employed  in  a  stote  tf)ai 
fnondotes  such,  OR  (2)  is  a  graduate  of  on  accredited  educational  program  in  respiratory 
core,  OR  (3)  holds  o  credential  issued  by  the  NBRC 

ASSOCIATE  OR  SPECIAL  MEMBER 

Individuols  who  hold  o  position  related  to  respiratory  core  but  do  not  meet  the  requirements 
of  Active  Member  shall  be  Associate  Members.  They  have  all  the  rights  ond  benefits  of  the 
Association  except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee  The 
following  subclasses  of  Associate  Membership  are  available:  Foreign,  Physician,  and 
Industrial  (individuals  whose  primary  occupation  is  directly  or  indirectly  devoted  to  the 
manufacture,  sale,  or  distribution  of  respiratory  core  equipment  or  supplies).  Special 
Members  are  those  not  working  in  a  respiratory  core-related  field 

STUDENT  MEMBER 

Individuols  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for 
Associate  Membership  ond  are  enrolled  in  on  educational  program  in  respiratory  care 
accredited  by,  or  in  the  process  of  seeking  accreditation  from,  on  AARC-recognized  agency 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respirotory  Care 
Education  (CRCE)  tronscripts  Upon  completion  of  your  respiratory  core  education, 
continuinq  education  credits  may  be  pursued  upon  your  reclassification  to  Active  or 
Associate  Member 


Please  read  the  eligibility  requirements  for  each  of  the  classifications 
above,  then  complete  the  form.  All  information  requestecJ  must  be 
provided,  except  v/here  indicated  as  optional.  See  other  side  for  more 
information  and  fee  schedule.  Please  sign  and  date  application  on  reverse 
side  and  type  or  print  clearly.  Processing  of  application  takes 
approximately  15  days. 

n  Active 
Associate 

□  Foreign 

n   Physician 

n   Industrial 
D  Special 
D  Student 

Last  Name 


First  Name 


Social  Security  No. 
Home  Address 


City. 


State 


.Z'P 


Phone  No. 


You  are  automatically  assigned  to  a  state  society  based  on  your  home 
address.  If  you  wish  to  be  assigned  to  a  different  state  society,  please 
indicate  which  state  that  is  here: 

Work  Information: 
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Manuscript  Preparation  Guide 


RKSPIRATORN  Carl  welcomes  original  nianiisenpts  ivl.ileJ  to  ilic  sei- 
ciicc  and  technology  of  respiratoiy  caie  and  prepared  according  to  the 
Ibllow  ing  instructions  and  the  Uniform  Reqiiimiiciilsfor  Miiiiiiscripts 
Submitted  k>  BiomeciiialJoumals  (available  at  hltp.V/www.iaiiji'.orfi/ 
iiulc.x.lumi).  Manuscripts  arc  blinded  and  reviewed  by  profession- 
als with  experience  in  the  subject  of  the  paper.  Authors  are  respon- 
sible for  obtaining  w  ritlen  permission  from  the  original  copyright  hold- 
er to  use  previousl)  published  figures  and  tables.  Before  publication, 
authors  receive  page  proots  and  are  allowed  to  make  oiils  minor  cor- 
rections. Accepted  manuscripts  are  copy-edited  forelaritv ,  concision, 
and  consistency  with  RESPIR.ATORY  Care's  formal.  Published 
papers  are  copynghted  by  Daedalus  hic  and  may  not  be  published  else- 
where  w  ithout  permission.  Editorial  consultation  is  available  at  any 
stage  of  planning  or  writing:  contact  the  Editorial  Office,  600  Ninth 
Avenue.  Suite  702,  Seattle  WA  98104.  (206)  223-0558.  fax  (206) 
22.3-056.^.  E-mail:  rcjoumalCs' aarc.org 

Categories  of  Articles 

Research  Article:  A  report  of  an  t)riginal  investigation  (a  study).  Must 
include:  Title  Page.  Abstract,  Key  Words.  Introduction.  Methods, 
Results.  Discussion.  Conclusions,  and  References.  May  also  include: 
Tables.  Figures  (if  so.  must  include  Figure  Legends).  Acknowledg- 
ments, and  Appendixes. 

Review:  A  comprehensive,  critical  re\  lew  of  the  literatuie  and  state- 
of-the-art  summary  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page.  Outline. 
Abstract.  Key  Words.  Introduction,  Review  of  the  Literature.  Sum- 
man.,  and  References.  May  also  include:  Tables,  Figures  (if  so.  must 
include  Figure  Legends).  Acknowledgments,  and  Appendixes. 

Overview:  .\  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Arlicle. 

L'pdate:  A  report  of  subsequent  developments  in  a  topic  that  has  been 
critically  re\  iewed  in  Rl-spiRATOR'i'  Carh  or  elsewhere.  Same  struc- 
ture as  a  Review  Article. 

Special  Article:  A  peninent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  w  ith  the  Editor  before  writing  or  submitting  such  a 
paper. 

Kditorial:  \  pajier  addressing  an  issue  in  the  practice  or  administration 
1  if  respiratoiy  care.  It  may  present  iui  opposing  opinion,  clarify  a  posi- 
tion, or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  comniumcation  responding  to  an  item  pub- 
lished in  Respiratory  Care  or  about  other  pertinent  topics. 
Tables.  Figures,  and  References  may  be  included.  The  letter  shouki 
be  marked  "For  Publication." 


Case  Report:  Report  of  an  uiicomnion  clinical  case  or  a  new  or 
improved  metliod  of  management  or  Uvatmenl.  A  case-managing  physi- 
cian must  eitlier  be  an  author  or  furnish  a  letter  appawing  tlie  manuscript. 
Must  include:  I  itic  Page.  Abstract,  Key  Words,  Introduction.  Case 
Summary,  Discussion,  and  References.  May  also  include:  Tables.  Fig- 
ures (if  so.  must  include  Figure  Legends),  and  Acknowledgments. 

P()int-i>f'-View:  A  pa|X'r  expressing  [x'lsonal  but  substantiated  opinions 
on  a  ix'rtinent  topic.  Must  include:  Title  Page.  Text.  ;uid  References.  May 
also  include:  Tables  and  Figures  (if  so,  must  include  Figure  Legends). 

Drug  Capsule:  .*\  miniature  re\ lew  paper  about  a  dnig  or  class  of  drugs. 
Drug  Capsules  address  pharmacology,  pharmacokinetics,  and/or  phar- 
macotherapy. 

Graphics  Corner:  A  brief,  instructive  case  report  discussing  and  illus- 
trating waveforms  for  monitoring  or  diagnosis.  Must  include:  Ques- 
tions, Answers,  and  Discussion. 

PFT  Corner:  A  brief,  instructive  case  report  arising  from  pulmonaiy 
function  testing,  acciiiiipanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literature.  Must  include:  Ques- 
tions, Answers,  and  Discussion. 

Test  Your  Radiologic  Skill:  A  brief,  insii-uctive  case  report  pertinent 
to  respiratory  care  and  involving  imaging,  including  one  or  more  radio 
graphs  or  other  images  submitted  as  black  and  white  glossy  photographs 
that  clearly  illustrate  the  teaching  points  being  made.  Must  include: 
Questions,  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  text  and  nuiiiher  (he  pages.  Do  iinl  include  author 
names,  author  institutional  affiliations,  or  allusions  to  institutional  affil- 
iations anywhere  except  on  the  title  page.  On  the  Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  follow- 
ing on  a  new  page:  Title  Page,  Abstract,  Text,  Acknow  ledgments.  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  Use  standard 
English  in  the  first  person  and  active  voice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction,  Methods.  Patients.  Equipment. 
Statistical  Analysis.  Results,  Discussion).  Center  the  main  section  head- 
ings and  place  seeond-le\el  headings  on  the  lell  margin. 

Abstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  a|i|K'ar  m  the  body  text.  Limit  the  abstract 
to  no  more  than  250  words. 

Key  Words.  Include  a  list  of  6  to  10  key  words  or  key  phrases  in 
Research  .'\rticles.  Reviews,  Overviews,  Special  Articles,  and  Case 
Reports.  Key  words  arc  best  selected  from  the  Medical  Subject  Head- 
ings (MeSH)  used  by  MEDLINE  and  available  at  liilp./Avuw.nliii.iiili. 
fi<>\/)iicsli/mc\hlu>inc.litinl. 
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Ri'ferences.  Assign  reference  numbers  in  tiie  order  tliiit  articles  are 
cited  in  your  manuscript.  At  the  end  of  tlie  manuscript,  list  the  cited 
works  Ml  numerical  order.  Abbreviate  journal  names  as  in  Index  Medi- 
cus.  List  all  authors.  If  the  research  has  not  yet  been  accepted  for  pub- 
lication, cite  the  research  as  a  personal  communication  (eg. 
.Smith  KR.  personal  communication.  2(X)1 );  however,  you  must  nbtciin 
written  permission  from  the  author  to  eile  his  or  her  unpiihlished  data. 
Do  not  number  such  references;  instead,  make  parenthetical  reference 
in  the  body  text  of  your  manuscript.  Example:  "Recently,  Jones  et  al 
found  this  treatment  effectixe  in  45  of  83  patients  (Jones  HI,  personal 
coinmunication,  2000)." 


Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA 
drug  evaluations,  .3rd  ed.  Littleton  CO:  Publishing  Sciences 
Group:  1977. 

Chapter  in  book  with  editor(s): 

Isono  S.  Upper  airuay  muscle  function  during  sleep.  In:  Lough- 
lin  CM,  Carroll  JL,  Marcus  CL,  editors.  Sleep  and  breathing  in 
children:  a  developmental  approach.  (Lung  Biology  in  Health  and 
Disease,  Vol  147,  Claude  Lenfant,  Executive  Editor.)  New 
York/Basel:  Marcel  Dekl^er:  2000:261-291 . 


The  following  examples  show  Re.spirator'S  Care's  style 
for  references. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Article  in  a  journal  carrying  pagination  throughout  the  volume: 
Legere  BM,  Kavuru  MS.     Pulmonary  function  in  obesity. 
Respir  Care  2000;45(8):967-968. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1: 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARC  Times  1999;23(Oct):16.  17,  19. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline.  Removal  of  the  endotracheal  tube.  Respir  Care 
1999:44(1  ):85-90. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  infomtation  sufficient  to  allow  retrieval.) 
Barnes  PJ.  Endogenous  inhibitory  mechanisms  in  asthma.   .'Xm 
J  Respir  Crit  Care  Med  2000:  1 6 1  ( 3  Pt  2 ):S  1 76-S 181. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  not  be  cited.) 

Volsko  TA,  De  Fiore  J.  Chatburn  RL.  Acapella  vs  flutter:  per- 
formance comparison  (abstract).  Respir  Care  2000;45(8):99 1 . 


Editorial  in  a  journal: 

Giordano  SP.     What's 
20()();4.S(10):1167-I168. 


that  sound!'  (editorial)  Respir  Care 


Editorial  with  no  author  given: 

The  perils  of  paediatric  research  (editorial).   Lancet 
1999:353(9154):685. 

Letter  in  journal: 

Piper  SD.  Testing  conditions  for  nehuli/ers  (letter).  Respir  Care 
2000;45(8):971. 

Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

Cairo  JM.  Pilbeani  SP.  Mosby's  respiraton  care  equipment.  6lh 

cd.  St  Louis:  Mosby:  1999:76-85. 


Worid  Wide  Web 

American  Lung  Association.  Trends  in  pneumonia,  influenza,  and 
acute  respiratory  conditions  mortality  and  morbidity.  Febm;uy.  2000. 
http://www.lungusa.org/data.  Accessed  November  20,  2000. 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 
of  the  table  define  and/or  explain  all  abbreviations  and  symbols  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *,  t,  t  §.  ||,  f,  **,  tt.  If 
data  include  a  "±"  value,  please  indicate  whether  the  value  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figures  (illastrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  be  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  will  do.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Radiographs  should  clearly  illustrate  the  point  being 
made  and  should  be  submitted  as  black-and-white  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  information.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ny any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  1 .  Figure  2.  etc.  All  the  figures  must  be  mentioned 
in  the  text.  Every  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  at  the  end  of  the  manuscript  (after  the  References 
section),  in  the  same  computer  file  as  the  manuscript  (not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  you  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Precisely  identity  all  drugs  and  chemicals  u.sed,  giv  ing  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  trade  names  may  be  given  in  parentheses  after  generic 
names. 

Commercial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giv  ing  the  manufacturer's 
name  and  location.  Example:  "We  pertomied  spirometry  ( 1085  Sys- 
tem. Medical  Graphics.  Minneapolis,  Minnesota)."  Provide  model 
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numbers  if  available,  and  manufacturer's  suggested  price  if  the  >-ludy 
has  cost  implications. 

Pi-rniissions:  ^■ou  must  obtain  w  rittcn  permission  to  use  pictures 
ol  identifiable  uidn  idiials  or  to  name  indi\  iduals  in  the  Acknow  1- 
edgments  section,  ^ou  nuisl  obtain  unlten  pcrnnssuin  from  the 
original  copyright  holder  to  use  figures  or  tables  from  other  pub- 
lications. Copies  of  all  applicable  permissions  must  he  on  file  at 
Rr.spir.atory  Care  before  a  manuscript  goes  to  press.  Copyright 
is  most  often  held  by  the  Jounial  or  book  in  which  the  figure  or  tabic 
originally  appeared  and  applies  to  the  creativity,  style,  and  form 
in  which  the  facts/data  are  presented  to  the  reader;  the  facts  them- 
selves are  not  copyright-protectable.  Therefore,  pemiission  is  required 
to  reproduce  a  table  or  figure  directly,  or  with  minor  adaptations, 
from  a  journal  or  book,  but  permission  is  not  required  if  data  are 
extracted  and  presented  in  a  new  format.  In  that  case,  cite  the  source 
of  the  data  as  in  the  following  example:  "Adapted  trom  Reference 
23." 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate  that 
procedures  were  conducted  in  accordance  with  the  ethical  standards 
of  the  Wdi-IiI  Medical  Association  Declaration  oj  Helsinki  ( see  Respir 
Care  1997;42(6):635-636;  also  available  at  http://ww\\:wma.net/e/ 
17-c_eparai>raphnumbering.luml)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients'  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  When  reporting  experiments  on  animals,  indicate 
that  the  institution's  policy,  a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  aniinals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  p  \  allies  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  any  computer  programs  used.  If  data  include  a  "±" 
value,  plea.se  indicate  w  hether  the  value  is  a  standard  deviation  or  stan- 
dard error  of  the  mean. 

Units  of  Measurement  Express  all  mea.surements  in  .SI  (Sxstenie  Inter- 
nationale) units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6);64()  and  also  available  at  hllp://\v\vw. rcjournal.com/ 
author_guide/.  Show  gas  pressures  (including  blood  gas  tensions)  in 
millimeters  of  mercury  (mm  Hg). 

Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conflict  of 
interest. 

Abbreviations  and  Symbols.  Use  the  standard  abbreviations  and 
symbols  listed  at  Respir  Care  l997:42(6):637-642  (also  available 
at  http://\v\\\\\rcjoiirnal.com/aiithor_x'i'de/).  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
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New  Products 
&  Services 


Aerosol  Medical  Delivery  Device.  DHD 

Hc;ilthi.';iic  Corpuralion  has  inlnidui-'cd 
CircuV'cm''''.  which  they  claim  is  a  hrealv- 
through  device  for  aerosohzed  medicalion 
dehvery  to  patients  using  heat-moisture 
exchangers/hygroscopic  condenser  humid- 
ifiers (HME/HCHi  With  CircuVent. 
aerosolized  medications  can  be  delivered 
without  removing  the  HME/HCH,  mini- 
mizing the  risks  associated  with  breaking 
the  circuit.  CircuVent  is  lightweight,  late.x 
free,  easy  to  clean,  and  has  a  translucent 
construction  that  permits  inspection  for  oc- 
clusion, according  to  DHD  Healthcare.  For 
more  infonnation  from  DHD  Healthcare 
Corporation,  circle  number  175  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  via  "Advertis- 
ers Online"  at  http://wvvw.aarc.org/ 
buyers  iiuidc/ 


Ventilator.  VI.ASY.S  Healthcare  has  an- 
nounced that  it  has  received  FDA  approval 
of  the  VeiaT^'*'  ventilator  for  commercial 
distribution  in  the  United  States.  The  re- 
lease letter  states  that  Vela  may  be  "used  to 
provide  continuous  or  intermittent  me- 
chanical ventilatory  support."  According 
to  the  manufacturer,  the  Vela  is  a  mid- 
range  ventilator  intended  for  use  in  both 
intensive  care  and  subacute  settings.  Its 
compact  size  and  integrated  turbine  sup- 
ports the  patient  throughout  the  entire  con- 
tinuum of  care:  ER.  surgery.  ICU.  and  re- 
covery, says  VIASYS.  According  to  their 
press  release,  the  Vela  incorporates  touch 
screen  control  into  an  intuitive  Graphical 


User  Interface  (GUI)  to  provide  easy  ac- 
cess to  critical  patient  data.  The  LCD 
screen  clearly  displays  breaths  as  a  wave- 
form or  loop  for  in-depth  analysis,  accord- 
ing to  the  manufacturer.  For  more  informa- 
tion from  VIASYS  Healthcare,  circle 
number  1 76  on  the  reader  service  card  in 
this  issue,  or  send  your  request  electroni- 
cally via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 
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Valved  Holding  Chamber.  PARI  Respi- 
ratory Equipment  Inc  has  recently  intro- 
duced its  newest  aerosol  delivery  product 
for  the  North  American  respiratory  mar- 
ket— the  PARI  Vortex"*',  a  non-electro- 
static valved  holding  chamber.  According 
to  PARI,  the  Vortex  is  made  of  metal,  al- 
lowing patients  a  more  consistent  delivery 
of  their  inhaled  medications  when  using  a 
metered-dose  inhaler  because,  unlike  plas- 
tic holding  chambers,  the  Vortex  does  not 
maintain  an  electrostatic  charge.  This 
means  that  more  of  the  medication  can 
reach  the  lungs,  says  the  inanufacturer. 
Another  feature  is  the  cyclonic  inspiratory 
flow  pattern  which,  according  to  PARI, 
further  enhances  aerosol  delivery  for  pa- 
tients with  low  tidal  volumes,  like  those  of 
young  children  and  infants.  For  more  in- 
formation from  PARI  Respiratory  Equip- 
ment, circle  nuinber  1 77  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 

Breath  Simulation  Module.  Michigan  In- 
struments Inc  introduces  a  Breath  Simula- 
tion Module.  This  new  module  will  turn 
existing  Michigan  Instniments  lung  tnod- 


els  into  a  spontaneously  breathing  lung 
simulation  .system,  according  to  Michigan 
Instruments.  The  module  simulates  a 
spontaneously  breathing  patient  for  train- 
ing or  studying  the  use  CPAP,  IMV, 
SIMV,  pressure  support,  work  of  breath- 
ing, or  other  ventilator  modes  designed  for 
use  with  breathing  patients.  The  manufac- 
turer further  says  that  this  device  can  also 
tcst/troubleshoot  products  designed  to  sup- 
port a  spontaneously  breathing  patient.  For 
more  information  from  Michigan  Instru- 
ments, circle  number  178  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers  On- 
line" at  http://www.aarc.org/buyers_ 
guide/ 

Pulse  Oximetry  System.  Nellcor  has  re- 
cently introduced  the  O.xiMax^'^'  Pulse 
Oximetry  System,  which  they  describe  as 
a  revolutionary  technology  platform  that 
greatly  expands  the  clinical  potential  of 
pulse  oximetry  monitoring.  The  OxiMax 
Pulse  Oximetry  System  includes  the  new 
Nellcor  N-595  Pulse  Oximeter  and  Nell- 
cor's  new  family  of  intelligent,  interactive 
OxiMax  sensors.  The  OxiMax  system  is 
used  to  continuously  monitor  arterial  oxy- 
gen saturation  and  pulse  rate  for  patients  of 
all  ages.  Nellcor  says  that  a  communica- 
tion link  between  the  monitor  and  sensor 
empowers  the  N-595  Pulse  Oximeter  to 
display  valuable  information  to  caregivers. 
Nellcor  has  embedded  a  digital  memory 
chip  in  the  sensor  itself  that  contains  all  the 
calibration  and  operating  data  for  that  sen- 
sor design.  This  gives  the  OxiMax  monitor 
the  versatility  to  operate  more  accurately 
with  a  diverse  range  of  sensor  designs,  al- 
lowing pulse  oximetry  sensor  innovations 
not  possible  in  the  past,  according  to  the 
manufacturer.  For  more  information  from 
Nellcor,  circle  number  179  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers  On- 
line" at  htlp://\\ ww'.aarc.org/buyers_guide/ 


RESPIRATORY  CARE  •  JUNE  2002  VOL  47  NO  6 


733 


Notices 


Ntuiccs  ol  compciitiDns.  schiilarships.  fellowships,  exumination  dales,  new,  educaiional  programs. 

and  ihc  like  will  be  lisled  here  free  of  charge.  Ilems  for  the  Notices  section  must  reach  (he  Journal  60  days 

hclDrc  the  desired  month  of  publication  (January  1  for  ihe  March  issue.  February  I  for  the  April  issue,  etc).  Include  all 

perlinem  information  and  mail  notices  to  RESPIRATORY  CaRK  Notices  Depl,  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


1^»UK<i4.  2002 

Withholding  and  Withdrawing  Life  Support  in 

the  ICU  —  Gordon  D  Riibenteld  MDMSc  / 
Richard  D  Bran.son  BA  RRT  FAARC  —  Videotape 
Available 

Weaning  from  Mechanical  Ventilation:  New 
Insights,  New  Guidelines  —  Neil  R  Maclntyre 
MD  FAARC/  Dean  R  Hess  PhD  RRT  FAARC  — 

Videotape  Available 

Neonatal  and  Pediatric  Ventilators:  What's  the 
Difference?  —  Mark  J  Heulitt  MD  FAARC/ 
Richard  D  Branson  BA  RRT  FAARC  —  Live  May 
21;  Audio  June  25 

Ventilator  Graphs:  What's  With  That  Wave?  — 

Jon  O  Nilsestuen  PhD  RRT  FAARC/  Richard  D 
Branson  BA  RRT  FAARC  —Live  July  16:  Audio 
August  13 


Helpful  meb.Sltes 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  Open  Forum-,  submit  your  abstract  online 

Asthma  Management 
Model  System 

htcp:// www.  nhibi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 

Committee  on  Accreditation  for  Respiratory  Care 

http;//www.coarc.com 


Talking  with  Patients  and  Families  About 
Death  and  Dying —  Helen  M  Sorensen  MA  RRT 
FAARC/  David  J  Pierson  MD  FAARC  —Live 
August  20;  Audio  September  17 

Pressure  vs  Volume  Ventilation:  Does  It  Matter? 

—  Robert  S  Campbell  RRT  FAARC/  Richard  D 
Branson  BA  RRT  FAARC  —  Live  September  10/ 
Audio  October  8 

Inpatient  Management  of  COPD  —  Randall 
Rosenblatt  MD/  David  J  Pierson  MD  FAARC  — 
Live  October  22;  Audio  November  1 2 

High-Frequency  Oscillatory  Ventilation  — 

Thomas  E  Stewart  MD/  Richard  D  Branson  BA 
RRT  FAARC  —  Live  November  19;  Audio 
December  10 


The  National  Board  for  Respiratory  Care — 
F^xamination  Fees  for  2002 


Examination 

CRT 

Perinatal/Pediatric 
CPFT 
RPFT 


Examination  F"ees 

$190  (new  applicant) 
$150  (reapplicant) 

$250  (new  applicant) 
$220  (reapplicant) 

$200  (new  applicant) 
$170  (reapplicant) 

$250  (new  applicant) 
$220(reappiicanl) 


RRT  $190  (new)  $150  (reapplicant)  written  only 

(Written  $200  (new  and  reapplicant)  CSE  onlv 

&  CSE)  $390  (new)  $350  (reapplicant)  both 

For  information  atwul  other  services  or  fees,  w  rile  in  the 

National  Board  for  Respiratory  Care. 

83 10  Niemaii  Road.  Lencxa  KS  66"2 14.  or  call 

( I)  1 3 )  5i)9-4:()().  FA.\  ( I-)  1 3 )  54 1  -0 1 56. 

or  c-niail;  nhrc-infoCP'nbrc.ors; 
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Calendar 
of  Events 


Date 

AARC  &  State  Society  Programs 

Contact 

June  11-13 

New  Jersey  and  New  York  State  Societies  for 
Respiratory  Care,  15th  Annual  Spring  Forum; 
Round  Top,  NY 

Ken  Wyka  (NJ)  at  (201)  725-2528; 
or  Bob  Fluck  (NY)  at  (315)  464-5580 

June  14-16 

AARC  Summer  Forum:  Vail,  CO 

AARC,  (972)  243-2272,  www.aarc.org 

June  16 

AARC/EPA  Asthma  and  Indoor  Air  Environment 
Workshop;  Keystone,  CO 

AARC,  (972)  243-2272,  www.aarc.org 

June  16-17 

AARC  Asthma  Disease  Management  Course;  Vail,  CO 

AARC,  (972)  243-2272,  www.aarc.org 

June  19-21 

ISRC  34th  Annual  Convention  &  Exhibition; 
Oakbrook  Terrace,  IL 

General  information,  Kelli  DeBerry  (847)  981-3581; 
vendors,  Larry  Dastych  (847)  618-3180 

June  27 

Asthma  Information  Review  course;  Grand  Rapids,  Ml 

Michigan  Society  for  Respiratory  Care,  (734)  677-6772, 
www.michiganrc.com 

June  27-29 

34th  Annual  California  Society  for  Respiratory  Care 
Convention;  Universal  City,  CA 

CSRC  Executive  Office  (888)  730-CSRC  or 
www.csrc.org 

July  17-19 

TSRC  31st  Annual  Convention  and  Exhibition; 
San  Antonio,  TX 

TSRC  Executive  Office  (972)  680-2455 

July  27 

Asthma  Information  Review  course;  Flint,  Ml 

Michigan  Society  for  Respiratory  Care,  (734)  677-6772, 
www.michiganrc.com 

Aug.  1-3 

OSRC's  Contemporary  Concepts  in  Respiratory  Care; 
Independence,  OH 

Tom  Kallstrom  at  tom.kallstrom@fairviewhospital.org; 
or  Jeffrey  Davis  at  davisj@ccf.org 

Aug.  1-4 

Georgia  Society  for  Respiratory  Care's  Summer 
Meeting;  St.  Simons,  GA 

David  Ellwanger,  (770)  991-8558, 
ellwanger_david@promina.org 

Aug. 14-16 

31st  TriState  Respiratory  Care  Conference;  Biloxi,  MS 

Linda  Berry  (205)  343-8475;  www.tsrcc.org 

Sept.  5-6 

Vermont/New  Hampshire  Society  for  Respiratory  Care 
Annual  Meeting;  Killington,  VT 

Xan  Gallup  (800)  333-8095,  ext.  360 
or  xgallup@mernam-graves.com 

Sept.  5-7 

TSRC  North  Region  -  Pineywoods  Distnct  16th 
Annual  Fall  Seminar;  Lufkin,  TX 

Pam  Mollis  (409)  639-7006 

Sept.  11-12 

MSRC  25th  Annual  State  Conference;  Sturbridge,  MA 

Frances  Smith  (508)  833-9893,  fsmith91@hotmail.com 

Sept.  12-13 

PSRC  Southwest  District's  29th  Annual  Seminar  in 
Pulmonary  and  Sleep  Medicine;  Pittsburgh,  PA 

Gail  Varcelotti  (724)  941-8792,  SWDistrict@psrc.net 

Sept.  12-13 

Alabama  Society  for  Respiratory  Care  Annual 
Meeting;  Birmingham,  AL 

Bill  Pruitt  (251)  434-3405  or 
wpruitt@jaguar1  .usouthal.edu 

Sept.  19-20 

Kansas  Respiratory  Care  Society  Western  Kansas 
Conference;  Hays,  KS 

www.krcs.org  or  e — mail  Julia  Downs  at 
jddrrt@yahoo.com 

Oct.  5-8 

AARC  48th  International  Respiratory  Congress; 
Tampa,  FL 

AARC,  (972)  243-2272,  www.aarc.org 
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The  new 
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Servo^'' 


/ 


All  patient  categories,  --im       ,  ^  t^ 
New  procedures.  New  possibilities. 


Who  knows  more  about  ventilator  requirements  than  you, 
the  person  who  has  to  live  and  work  with  them  every  day. 
That's  why  we  developed  our  new  ventilation 
platform  in  close  collaboration  with  clinicians. 


J0 


The  result;  inspiration.  The  new  Servo'  is 
a  single  platform  which  builds  to  treat  a 
complete  range  of  patient  categories  from  neonate  and 
pediatric  to  adult.  Choose  the  specification  that's  right 
for  your  needs  today:  add  applications  to 
upgrade  for  tomorrow.  It  offers  the  tools  to 
assist  in  different  treatment  methodologies, 
like  The  Open  Lung  Concept?  It's  also 
simple  to  use.  The  user  interface  gives  direct 


access  to  important  settings,  letting  you  choose  between 
touch  screen,  knobs  and  a  dial.  Servo/  has  a  unique  'Lift  Out' 
design  which  simplifies  the  process  of  transporting  patients, 
ensuring  bedside  ventilatory  treatment  quality      ^  ^ 

throughout  the  entire  chain  of  critical  care. 


se 


We  even  streamlined  the  running  costs.  Long 
service  intervals;  fast  start-up;  easy  training 
and  operation:  they  all  add  up  to  a  more 
cost  efficient,  capable  platform. 
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f^'f 
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^^    Everything  that  you  said  you  wanted, 
and  more.  The  new  Servo'  Inspired  by  you. 
For  more  information:  www.servo-i.com 
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The  following  Servo' -  options  are  not  available  in  the  U.S.A. 
Open  Lung  Tool 
Open  Lung  Concept'^ 
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T/iemPEP 


Positive  Expiratory  Pressure  Therapy  System 


Patient-administered 
secretion  clearance 
and  reversal  of 
atelectasis. 


Smiultaneous  aerosol 
drug  delivery  with 
nebulizer  while 
performing  therapy 
tor  secretion  clearance 
and  atelectasis. 


Simultaneous  aerosol 
drug  deliverv  with 
MDl  spacer  while 
performing  therapy 
tor  secretion  clearance 
and  atelectasis. 
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Ten 


The  proven  choice  for  secretion  clearance  and  reversal  of  atelectasis. " 


Today,  more  patients  than  ever  can  benefit  from  TheraPEP, 
the  first  system  designed  specifically  for  positive  expiratory 
pressure  therapy.  Now  indicated  for  use  with  simultaneous 
aerosol  drug  delivery,  TheraPEP  can  help  virtually  any 
patient  with  secretory  problems  mobilize  secretions  easily, 
conveniently  and  cost-effectively. 

Unlike  CPT,  PEP  therapy  can  be  self-administered  in  any 
setting,  helping  patients  maintain  an  effective  continuum  of 
care  outside  the  hospital.  TheraPEP  may  reduce  the  need  for 
postural  drainage  and  percussion,  and  can  be  performed  in 
less  than  half  the  time  of  a  conventional  CPT  session.-^  This 
offers  significant  time  savings  for  both  patients  and  clinicians. 

1  Mcllwaine,  PM,,  Wong,  L.T„  Peacock,  D.,  Davidson,  G.F.  "Long-term 
comparative  trial  of  conventional  postural  drainage  and  percussion  versus 
positive  expiratory  pressure  physiotherapy  in  the  treatment  of  cystic  fibrosis." 
Tfe  ]oiirm\  of  Pediatrics,  October  1 997. 

2  Protocol  of  the  Month,  University  of  Pittsburgh  Medical  Center,  Department  of 
Respiratory  Care.  AARC  Times,  May  1997. 


TheraPEP  is  even  more  efficient  when  used  with  a  nebulizer 
or  MDI  spacer.  The  patient  can  receive  aerosolized  medication, 
and  perform  therapy  for  secretion  clearance  and  atelectasis, 
in  the  time  of  one  treatment.  PEP  therapy  may  also  optimize 
delivery  of  bronchodilators  in  patients  receiving  bronchial 
hygiene  therapy.''  No  other  secretion  clearance  device  offers 
you  a  better  combination  of  therapv,  flexibilitv  and  efficiencv. 
For  more  information,  call  DHD  Healthcare  toll-free  today: 


1-800-847-8000. 
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DHD 

Healthcare 

Innovalions  for  rcspiratoiy  care 


3  Mahlmeister  MJ,  Fink  JB,  Hoffman  GL,  Fifer  LF,  "Positive-expiratory-pressure 
mask  therapy;  Theoretical  and  Practical  Considerations  and  a  Review  of  the 
Literature",  Refi'irtilory  Cm;  1991;  36:1218-1230. 

4  "AARC  Clinical  Practice  Guideline:  'Use  of  Positive  Airway  Pressure  Adjuncts 
to  Bronchial  Hvgiene  Therapy',"  Rre;)irfl(on/  Care,  1993;  38:516-521. 
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